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Spherical Trigonometry 

Made Clear and Easy. 

Vol. II. rJff T w o > Pa ftTSi - 

PART I- Containing Fifty Two Definitions. II. The Ortho- 
graphic Prejeffion of the Sphere in Twelve Theorems y and 
Ten Problems. IIL Th^ ^mStereographic ProjeBion in Eleven 
Theorems^ and Nine Ptoblems. IV. The ProjeHion of the 
Sphere on the Plane of tne General Meridian^ the Horizon^ the 
Ecliptic^ the 'EquinoHialy the Tropic of Capricorn^ and of an 
Oblique Circle. V. Forty One Theorems explaining the Nature 
^ and Rationale of Spherical Triangles. VI. A Synopfis of all 
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III. By the Lord NeipersHwe jeBion. 
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ij4 V. By the Sliding Rule. 

\" With the TfoBrif^ of Oblique Spherical Triangle s^ and the Synoffis 

and Solution of all the C^yei and their Ambiguities, in feveral 
Methods, The Menfuration of the -4re^ of a Spherical Triaw 
gle and Completion of a 5^//^ Boi^. 
PART II. Containeth the Application of the VoBrine of Spherical 
Trigjonometty to the following Mathematical Arts and Sciences. 
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II. Aftrology. 
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IN my Preface to the firft Volume, I 
have pVen a general Account of the 
Nature, Dejtgn, and Ufe of this Work, 
In this Second are contained all the Tarts of 
Spherical Trigonometry, which I have en" 
deavoured to explain in a Method {as I think) 
the moji eafy and per/picuous 5 fo that I hope 
what has been thought perplexing and ahjirufe, 
will he with pleajure rendered attainable. 'Tts 
neceffary in order to make a Trogrefs in this 
Science, for the young Student to be fumijhed 
with good Mathematical Injlruments, If he 
underjiood a little of the Latin and Greek 
Languages, it mufl be allowed that he would 
have a more fatisfa^ory Notion of the Terms 
of the Art, whereby he would haVe a more clear 
and laftingldea of it imprejfed on his Mind. 
Hi that will be 4 conftderable Proficient in 

the 
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the Mathematicks, muji not 
mufement of a fern leifure I 
great (I(efolution and Jp^licat't 
himjelf to the Study of it 5 
a good Degree of 'PerfeHion 
Work and Toil of fime Tears, 
not be in the Tomr offome t 
pleat Maflers in the higher G' 
t)f Leifure, Maieridiy Capack 
.may learn how'txa Jicar ^ 
Art, to Fortify nGty, to 1 
Certainty, to Meafure Beig 
to Meafure or flat Lmd, 1 
fes, and make all Sorts of X 
Things are the rnofi tifeful 
Means of attaining thefe bo 
and delightful to Juth as d 
the l(nom!edg£ffthofe Exc 
been my chief Care and Stuc 
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PART I. C HA P. L 

CONCERNING the Principles of the BoSlrine of 
the Sphere^ and Spherical ProjeSlian and TrigonO'^' 
melryy in fifty four Defnitions — Page i 

ChapMl. 

Containeih twelve ^eorems ferving to the Orthographic 

Projeiiion of the Spher^y called the Analemma, in 

Piano ~ — iQ 

Chap. III. 

Cdntaineth Problems of the Orthographic ProjeStion^ viz. 

19 
Prob. I. To defcribe an Ellipfts — 19 

Prob. 2. To divide a Right Circle into its proper Degrees 

. 20 
Prob. 3. To divide an Oblique Circle info its proper De- 
grees — - — * 2X 

Prob. 4. To proje5i the Sphere on the Solflitial Colure 22 

Prob. ^. To defer ibe the Hour Circles ^ Aidmuths^ &c, 24 

Prob.. 6. To divide the Ecliptic into^ the twelve Signs of 

the Zodiac — .— , — . 25 

Prob. 7. To annex the Calendar to the Jnalemma ibid. 

. Prob. 8, To fhew the, Ufes of this Proje£lion in general zG 

Prob. 9. To exhibit a Synopfis of the AJironomical Jffelti' 

ons of the IJeavens for any given Time thereby 28 

Prob. 10. To reprefent the fixed Stars on this Projf^lion 

29 
a Chap^^ 
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• Chap. IV. 
Containetb eleven ^eorems fervtng to the Stereographic 
Pro}e£lion of the Sphere in Piano — 30 

Chap. V. 
Containetb Problems of the Stereographic Proje^ion, viz. 

..-.-... .42 

Prob. I. To find the Pote of any Great Circle — ibid. 
Prob. 2. To defcribe, or lay down^ any Spherical Angle 

.43 
Prob. 3. To draw a Great Circle through any given 
Pointy fo as to contain any given Angle with the Pri- 
mitive — — '44. 
Prob. 4. To defcribe a Great Circle through any two 
Points given within the Primitive — 45 
Prob. 5. To meafure any Spherical Angle — 46 
Prob. 6, To divide any Grfat Circle into its proper De- 
grees — — 48 
Prob. 7. To draw any parallel Circle — 49 
Prob. 8. To draw a Great Circle perpendicular to any 
other — — — 51 
Prob. 9. To graduate any leffer Oblige Circle 52 

. Chap. VI. 

The Stereographic ProjeSJioh.of the Sphere on the Planes 

of feveral Great Circles of the Spbere — 5-3 

Viz. I. On the Plane of the General Meridian 55 

2. On the Plane of the- Horizon of London s^ 

^. On the Plane of the Ecliptic — 62 

4. On the Plane of:, the EquinoSlial •— 6$ 

5. On the Pldrjs of the Tropic of Capricorn 68 

6. On tb£ Plane' of any Qblique Circle ^— 70 

Chap. VII. 

^ Containeth Forty One Theorems for the Explication of the 

DoSlrine of Spherical Triangles in general ; by ix)hich 

is fhewn the Reafdn of the feveral Canons for their 

Solution — — • -^74 

Chap. 
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Chap. VIIL 

Of the NaturCy Cafes, Analogies^ and variouf Mttbods 

of Solving Right-angled Spherical triangles \ wilb a 

Synopfts of the Whole Do£lrine — 98 

Chap. ,IX. 

Method I. Of folving Right-angled Spherical Triangles 

by the Logaritbmetic Canon of Sines and Tangents 

105 
Chap. X. 
Method 2. By Natural Sines and Tangents 112 

Chap. XL 
Method 3. By the Lord Neipcr*i Ftve Circular Parts 

117 
Chap. Xn. 
Method 4. By the SeSfor — — 124 

Chap. XIII. 
Method 5. By the Sliding-Rule — 131 

Chap. XIV. 
Method 6. By Gunter*; Scale^ and Compaffes 138 

Chap. XV. 
Method 7. By the Artificial Glohe^ qr Sphere 143 

Chap. XVI. 
Method 8. By the Stereographic Proje^ion — 150 

Ch^p. XVlI. 
Method 9 and 10. By the Ortbcgrapbic and Stereogram 
thic Planifpheres — — 161 

Chap. XVHT. 
Of the Do^rine of Oblique -angled Spherical Triangles \ 
a Synopfts of the fix Cafes thereof \ the Method of 
Solving them by letting fall a Perpendicular \ and 
Rules far folving all kind of Ambiguities attending 
them — — 166 

Chap. XIX. 
^thod of filvittg Oblique Spherical Triangles without a 
Perpendicular ; with a proper Scheme fyr the Demons 
ftpotion thereof p^ ^^ 118 

^ i Chap. 
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Chap. XX. 

^e Solution of tbeftx Cafes of Oblique Triangles iy Su- 

reographic Proje5lion — — 200 

Chap. XXL 

yZ^p Menfuration of the Area of a Spherical Triangle ; 

ani the Completion of a folid Body ; with Examples 

of each -^ *— — 208 



P A R T IL C H A P. I. 

Containing the Application of Spherical Trigonometry 

to Aftronomy ; in all the pra£fical Problems of the 

Sunl Moon^ and Stars ; with Tables of the Sun^s Mo- 

tionj for Tears, Months, Days, Hours, Minutes, and 

Seconds. The Problems are as follow — 213 

Viz. Prob. I. To find the Sun*s Place at any time by 

the Tables -*- — 221 

Prob. 2. To find the Latitude of any Place 224 

Prob 3. To find the Sun's Greateft Declination 225 

Prob. 4. To find the Sun*s Prefent Declination 226 

Prob. 5. To find the Sun^s Right Afcenfton 227 

trob. 6. To find the Sun's Place, and Right Aften- 

/ton otherwife — — ibid. 

Prob. 7. To find the Angle of the Sun's Pofition 228 

Prob. 8. To find the Sun's Amplitude of Rifing 

and Setting — — • ibid. 

Prob. 9. To find the Afcenfional Difference \ or the 

true Ttme of the Sun's Riftng and Setting 230 

Prob. 10. To find the Sun's Oblique Afcenfwn and 

Defcenfton — — 231 

Prob. li. To find the Ttme the Sun is due Eafi or 

Weft — — 232 

Prob. 12. To find bis Altitude when due Eafi or 

^ Weft ' ' ' T-r r- m 

Prob. 
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Prob. 14. To find bu Altitude at the Hour of fix 
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Prob. 15. To find the Sun* s Altitude at any time 

of Day — — 236 

Prob. 16. To find the Hour of the Day 240 
Prob. 17. To find the Sun's Azimutb at any time 

241 
Prob, 18. To find the Sun*s Apparent Rifingj Set- 
tings and Amplitude — — 243 
Prob. ig. To find the Beginning and EndofTwi-- 

light — — — 245 

Prob. 20. To find the Declination of a Star or 

Planet — — 248 

Prob. 21. To find its Right Afcenfton — 251 
Prob. 22. To find its Longitude and Latitude 252 
Prob. 2^. To find the Hour of the Night 254 
Prob. 24. To find the Culminating Point in the 

Ecliptic — — 256 

Prob. 25. 7J? find the Meridian Angle 257 

Prob. 26. To find ihe Declination of the Culmina^ 

ting Point — — ibid. 

Prob. 27. To find the Altitude thereof 258 

Prob. 28. 7b find the Atitude of the Nonagejinu^ 

Degree — — • ibid. 

Prob. 29. To find the Place thereof in the Ecliptic 

Prob. 30. To find the Cujp of the Afcendant^ or 
Horofcope — — 260 

Prob. 31. To find the ParallaSlic Angle ibid. 

Prob. 32. To find the Cofmical Rifing of a Star^ 
&c. — — 261 

Prob. S3. To find the Time of its Cofmical Setting 
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Prpb. 34. To find the time qfits Achromcd Rifing 
and Setting — • — 264 
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Prob. 35. To find the Ttm of a Star's Heliacal 

Rifing — _ 265 

Prob. 36. To find the Time of its Heliacal Setting 
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Ghap. II. 

The application e?/ Spherical Trigonometry to Analogy, 

in the Problems following — 270 

Prob. I. To ereS a Schme or Figure of the Heavens 

for the Lat. o/Chichefter 50® 56', May the i2tb^ at 

J^%*^ '735 ~ — 273 

Prob. 2. To find the Pole* 5 Elevation above the Circles of 

the ittb^ ^thy 3^, and gth Houfes — 275 

Prob. 3. To find the fame above the 12/A, 8/A, 2 J, and 

6tb Houfes ^— — ibid. 
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Prob. 10. To reprefent the Face of the Heavens for the 

given Moment (^ Time \ and to afftgn the Places of the 

SiiHy Monon^ PtanetSy and remarkable fixed Stars in 

ibeir proper Houfes — — 284 

Chap- in. 

The AppliccUion <?/ Spherical Trigonometry to the Science 

i^ Geography \ containing Tahles of the Latitude and 

Longiiu^ of all the mofi noted Cities in the Univerfe ; | 

and the Problems enfiiing^ viz. — 286 

Prob. I- To find the Di/ffince between any two Cities j 

differing only in Latitude — r- 294 \ 
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of them f by the Problems following, viz. -^32^ 

Prob, 
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C H A P. I. 

Concerning the Principles. of the DoBrine of the 
Sphere^ and Spherical ^rojeHion and Tri*- 
gonomecryy in Various Definitions. 

Dzy. L A Globe is z£o^ perfedly round, every 

L\ iPoint of whofe Superficies is equi- 

JL jL diftAnt from its Center, • See R^. i. 

II. A Sphere is an Artificial Injlrument confifting of 

various Circles, Great and Small, put together in a 

VOL. IL. B pro- 
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proper Order and Pofition. And becaufe fuch Cir- 
cles are called kd Latin, Armill^ \ therefore this In- 
ftrument is commonly called ah Armillary Sphere. 
See Ftg. 2. 

III. Proje£lion of the Sphere, is an artful Delineation 
of its Circles on a plain Surface ; and hence it is called 
Projeftion of the Sphere in Piano ; this is of two 
Kinds, Orthographic and Stercographic. ^ 

IV. Orlhographical Proje5lion of the Sphere^ is when 
its Circles are projefted oh a Plane, by Rays of Light 
proceeding from the Eye fiippofe at an Infinite Dift- 
ancc ; which Rays are then Parallel ; and project the 
Circles either in Circles, EHipfes, or Right Lines, on 
the iajd Plane, . See the Schemes in the Orthographic 
Projeftion. 

V. The Stereographic Proje^ion is a Delineation or 
Reprefentation of the Circles of the Sphere, -as they ap- 
pear to an Eye, placed on any Point of itsSurtace ; 
the Projeftion of the Circles in this Manner, will pro- 
duce either Circles, Circular Arches, or Right Lines 
on the Plane of the Projeftion. • See the Schemes of 
CHAP IV. ana V. 

VI. The Plane of the Projeftion, is that plain Su- 
perficies on which the Circles of the Sphere, are fcen or 
projefted ; and is fuppofed to be every Way infinitely 
continued. 

VII. That Right Line, in which the Plane of tHe 
Circle to be projefted interfcdfcs tlie Plane of the Pro- 
je<5tion, is called the Common SeSiion of the Plane of 
I^rojedioni 

VIII. A Line of Meafures is, that Right Line on 
-which the Diffiance of the Center of an Obliqae Circle 
• is TOcafured off of a Scale of Half Tangents, and this 

loine always pafleth through the Center of the Projefii- 
on, or is parallel to the Diameter that doth* 

^ v.. ' _ IX. A 
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" I n II n 

'^ IX. A Great Circle of the Spbcrev is . that wKbfe 

"• Piahe pafleth.'4iirou^ the Center thacof,. and ^iriiofe: 
■^ Center is the feme with that of the Sphere ; . it iifodu 

vidcth the Globe or Sphere into two equal Parts ; 
>n n^PeOj, fig: i. • ' 

^ X. The Pole of.aay Great Circle of the ^here is, 

that Pomt in its Surface wJiich is crcry Way equally 

diflbant from the Circumferendie of the'Ctrcle ; or it is> 
" that Point which k 90' Degrees above die Plane theits^ 
i^ of; fo P is die Polcof die Right Circle RH. Ftg. 3. 

XI. A Primitive Circle is thisit tkfcribcd on the Plane 
^ of the PjDojeAion, and within which the Projeftion is^ 
n finifhed, as RPHE. . . . • 

c ' XIL A Rigt^Girde is riiat whofc Plane ftands at 

Right Angles with the Plane of die Projedion, and. 
r pffeth thro' the Eye, in die Scereog.Pcojedtion ; and 

isialways a Diafdetrr. of the Primitive ; fv^ch are RHy 

; p:e,a^\:': 

XIII. An Ohtique Circle^ is that wholib Plane inclines 
> to the Plane of the Projcftion \ or maketh Oblique 
f Angles therewith ; as the OWique Circle PBE. 

XIV. Parallel Circles are thofc Lefler Circles of the 
Sphere, whofe Planes are parallel to the Planes of any* 
Great Circles thereof; thus O /^5 is a fmall Circle pa- '. 
rallel to the Great Circle R H. t 

. XV. A Spherical Angle is that which is contained 
under or between the Arches of two Great Circles of 
the Sphere interieAing each other ; and this is, the 
fame, or equal to, the Inclinadon of the Planes of theie 
two Great Circles ; fuch is the Angle APJ^y or VCB. 
XVL A Spherical Triangle is a Figure comprehend** 
ed under the Arches of three Great Circles of the 
Sphere • fuch is CBV, or VAP. 

XVIL The Meafure of a Spherical Angle^ is the 
Arch . of a Great Circle intercepted between the two 
Sides thereof, continued out till they be Quadrants, or. 

1 VOJL. IJ. B 2 90 De, 
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96 Degrees diftanc fEomche Angolax Point; thus Bit 
is. th!c Mcafufc. of the Angle at P ; zti^\dH of the 
Angle at C. » • 

XVHL The Ftve Circular Parts of jx Spherical Tri- * 
angle AT V^ are i. the Bafe AV. 2. The Pcrpen- . 
dicular A'P^- 3. The CompfcnjCBt of the Hypothc- 
nuCtf FP^ (vizriixtr^Mch-i^B:) .4. tThcfCom^meiit 
of thei Ariglb atchd Bafe Vr 5. The Complement of 
the Angle Jrt thfc perpendicular P ; (^i'the Arch*CA)iT 
Thcfe ate .fo'nahied' from- the Lord 'Nepers a SooUh » 
Peer,'-: who harii invented a New Method bf-folving 
Triangles thereby ;.-and is the third.of thcTen Me-^ 
thods in the following Treatife. . ^ 

XIX. The Middle. Part is one of thc^e fivd-circuTaf 
Parts, .being, the Nftddlemoft* of the three that are 
taken for the^: Solution of a Spherical Triangle ; thus * 
if the three Parts affumed were AV^^ Qan&^lement of: 
F, and Complement of VP -, then'tis plain' the Mid- 
dle Part is .the Complement oH V. • • ' 

]^X'. The Extreme Parts ConjunQ or Adjacent^ are 
thofe two Parts of the Five which are immediately 
next to the Middle Part ; thus if the Middk Part be 
the .Complement of the Angle V^ the Extremes Con- 
jun^ 6r Adjacent. theifeto, are AV^ send the Comple- 
ment of P K 1 

XXIv The Extreme Parts Disjunff, are thofe two 
Parts of the Five which lie remote from the Middle 
Pa'rt,. being disjoined thereftom by the Extreme Con^ 
juh<ft ;• thus die Complement of V being the Middle 
Part, the Extremes Disjunft will be the Complement 
of the Angle P, and the Side A P. See all this made 
eafy in Chap. 11. and the Scheme therein. 

XXIL Planifphere is a PrDJe6tk)n of the Sphere ot 
^ ^lain Surface ; and \i only 2t general Name for the 
Orthographic and Stcrec^raphic Projcftions albrcgpi 
bg. 

XXIII. The 



i^art.. 
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XXIH. The Near^DiJiance,tm ite 3urfepc ol tfe i 
Globe oc Sphere bctwjsoi any.two;:pla(;M» is the^Ar^h:^ 
6f a Great Circk pafling thro* both. > - 

XXIV. The Poles Dtthe Globe or Sphere, are Ae 
two Points of the Surface which make the ExtfcxnU^ 
ties of its Axis ; each of which is 90 Degriaes D^^tanoe 
fiptn.itbc Middk Circtttitfereoce ii t^us.P and^O ar^ 
the Pc4hs of the Sphere, PF^. IB. : ' 

, XKV. . The rMmdms . arr. Gf«at Circles of; thq : 
Sphere pafling thro* the Poles of the World $ Wbidti' 
maiy be conceived ihfihk&iii Numbitr it)ut are general- 
ly drawn^at' ip Degreds DiftaiMerofe Ardfidal Globes 1. » 
fuch arecthc-^Priifiitive' ifi iV^.y; and. the Qbliqiie> 
Circle SAN\ ktt they pais dif(>% . an4 inOBrfeftlteach; 
othferin the Poles JVand */• SftSi^c^^ /♦ , ^ . . ' 

XXVL The EquinoSlid or Equator^ i^ a Great Cilxslc . 
exer!jr.wiy equally dttafrt:«( w, 9O\Oe0P*$). ftemd- 
thev.^Bolel!^R>rlf;^ andnilimfbre.dtvid^ the Globe or 
S^re into fwa tHsffs^ Or* k^i^bi»ts ; a$ the Gr^C> 
Circle •JS>'C^. ••.'•: • r\ ::'-).'' f . ,..■•::. 
nXXVH; ThfcLEf/^^is a G^eat arck interfefting 
the Btpiino&ial va tb© iwo^oppo&e PoiritI : V . ^d ip! „ : 
and makcth aii Angle therewith (callM its ObliqiaiyX 
ofaj-^ 29requat tDdaF^erididta^I^^ 9 i and 
is the Cifclc « V^VS, ' , ;. . . • 't 

XIKYHL; The Zodiw is ah Imaginaryi broad Circle 
(Jike a Zone or. 6drdle ) hi the Heavens octending to 
9^ 15' on each Side the Ecliptick, (which is in the 
Middle thereof,) that Space being'equal tcj the Latimde 
or Deviation of any o\ the Planets ; in this Circle alfo 
aie contained all the twelve Signs or-Conftellations, 
thro* which the Sun pafleth once a Year in.tlw Ecliptic^. 

XXIX. Thcj9ioW"W^rf»x of tbt\Zodt4c^ ar^ thofc 
twelve confteHatcd Antmals, ^Hhofe Names^r and Cha- 
ra<5fcrs^ follow, i. Aries, the Ram^ Y* 2. Taurus; 
the Bully iJ. 3. Gemini, the ^winSi ir. 4. Caor^ 

cer. 
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Cfcfy f fee CraK ®- 5- Leo, the Uon^ fl. 6. Vir- 
gb^ -tiic Vir^r ^* 7* Libra, the Ballanciy £ir.. 
8. Scorpio, the Scorpm^ ni. 9. Sagittarius, xhs Ar-. 
chefy -?. 10. Capricomus, the Qw/, vS- 1 1. Aqua- 
riii^y the Water er^ «;. 12. Pifces, the i^^j, J€ . 
To each of thefe is< allotted the Portion ot 30 Degrees 
irt the Ecliptic. l?he Sx firft are called the Southern, . 
the Six latter the Northern Signs ; iuid when the' Sun 
t$ id the latter^ *tikS^n)6r; and ivhenm die former, 
•fis IfVinfer. .1 ; 

• 'XXX. Thie HdHzm i« tfce Circle bounding Sight 
orVMon^ but mathematically fpeakitlgj 'tis a Great' 
Gii^te every why distant from your Eye 90 Degjrees ; . 
filppofe therefore your Eye ist Z, your Horizon would 
ht HCOi this^iscalkd the Rationalj xht other die. 
Sek/iil€ HorizoriJ ' ^^- \ • • ^ - ^ * V .. . 

iXXXl The Ci/i^waa two Meridians dwridmg > 
thif EqiiinoftiUl' and - Eclipdc into/ four^ Equal Parts; • 
One of which paiietk duto* the Ptaitsr. Aries V and' 
• Libra s^, and is called the Equinodial Colore^ as ^ 
NCS\ theoiher, caifcd die Srtlftitial'CoIure, paH&h 
thr0'^ the Points Cancer & and' Gapricorn YS,- ai 

XXXII. The Mfdnoilial Anr/j, or EquinoxeL are* 
the two Points Anes V , and Libra ^ ; in which i 
Points the Eclfptic croflferfi the Equinoctial, at' which 
Time the Daiys and Nights areequal all-dvcr the 
World. J ^ 

• XXXIII. The SdJHwil Points; or St^iets^ are die. 
firft Scruples of Cancer S5, and Capricorn VS ; becaufe> 
in and near them (Sdis Stdtioy the Sun feemethnot to 
move for fome Days together. ' » 

• XXXIV. Tht Ztmtb and Nadir are two. Points Dia- 
meiwrally. oppoftte to each other. The Zenith is the 
I\>int which is Verrical to us in the Heavens, or juft 
over' our Heads as Z r'and the N^dir is oppofite 

thereto. 
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diereto, under our Feet, as X. And thefe two Pokes 
arc die Poles ot the Horizon HO. 

XXXV. Aximuths or Vertkci Circles ate Great 
Circles of the Sphere concurring and inuerfefUng each 
other in the Zenith and Nadir ^ as ZD A^i and that 
which pafleth thro* the Eaft aisd Weft Points^ of the 
Horizon, as ZC Xj is called the Prime Vertical^ or 
Aximutb of Eaft and Weft. • ; 

XXXVL Circles of Pofttion, are Great Circles of the 
Sphere which all meet and inter^ one another in the 
Points ot Interfcdion of the Meridian with the Hori- 
zon -, fiich is HB O. 

XXXVII. The tropics are two fmall Circles paral- 
lel to the Equinodial, and diftant (on each Side) there- 
ftom 23^ 29' ; they are the Limits of the Sun's great- 
eft Declination from the Equinoftial. The Northern 
Tropic pafleth by the begmning of Cancer S, and 
therefore called the Tropic of Cancer, * and is the Pa- 
rallel of the Longeft Day •, is ^ R. For the fame 
Reafon the other is called the Tropic ot Capricorn ; 
and is the Parallel of the Shorteft. Day ( in Northern 
Climes) as / v: 

' XXXVIII. The Jraic and Antar£lic Circles ate 
Other fmall Circles, and Parallel to the Equino6tiaI ; 
and diftant from it 66^ •31''; or from either Pole 
23^29^. That towards the Nprth Pole is £ jFG -, 
the other towards the South TIVV. .Thcfe are com- 
monly called the Folaf Circles alio*. 

XXXIX. The Almacantbars, or Parallels of Alti- 
tude^ are fmall Circl-s parallel tp the Horizon paflSng 
thro' the Degrees of the Meridian between the Zenith 
and Horizon ; as P L. 

XL. Parallels of Latitude (on the Terreftrial Globe,) 
or of Declination (on the CeleftiaU) are Jmall Circles 
parallel to the Equino6tial, and fuppofed to pafs thro* 

every 



3 frinci^les if the Spherical DoRrine. 

every Degree of the Meridian therefh)m to the Poiss;; 
fuch are the Tropics, and Polar Girclfes. 

XLI. The Latitide of a Place is its Diftance from 
the Hijuatortsetikoded in Degrees and Minutes on the 
Arch df the Meridka v thus the Latitude of Z is the 
Arch of the Meridian -^^, equal to 51? 32^. 

XLII. H^^Dedimiion of the Surl, Moon, or Stars, 
is the fame as the Latitude of Phccs ; being only 
their Diftance North or South from the Equinodial, in 
Degrees and^Minutes. 

XLIII. ThePe^j of the EcUpticzrt two Points 
23® 29' diftant from the Poles of the World ; as G 
and T. 

XLIV. The Latitude of iht Sun, Moon, and Stars, 
is their Diftance from the Ecliptic towards either of its 
Poles, in Degrees and Minutes, counted in a proper 
Circle of Latitude. 

XLY.jjCircles of Latitude or Longitude arc Great 
Circles concurring and interfering each other in the 
Poles of the Ecliptic ; and crofs the Ecliptic at Right 
Angles ; as T* J G. 

XLVI. The Longitude on the Terreftrial Globe is 

' counted in Degrees and Minutes on the Equator, from 

" Weft to Eaft. So that the Longitude of a Place is an 

Arch of the Equator contained between the Firft or 

General Meridian, and the Meridian pafling thro* 

the faid Place. 

XL VII. The Longitude of the Sun, Moon, or a Star, 

is its Diftance counted in the Ecliptic from the firft 

. Minute of Aries y? according to the Order of the 

Signs, to the Place where the Circle of Longitude, 

pafling thro* the Star, interfe6ts the Ecliptic. 

XLVIII. The yiltitude of the Sun, or Stars, is the 
Arch of an Azimuth ( in Degrees and Minutes) con* 
tained between the Center of die Sun or Star, and the 
Horizon. 

XLXIX, /ffcen^ 



Li^ 
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XLIX. Afcenfion and Defcenfion is the Rifmgand 
Setting of the Heavenly Bodies above or below the 
Horizon. 

L, Right Afcenfion is the Number of Degrees and 
Minutes in . the Equinoftial ( from the B:rginning 
of Aries ) which cometh to the Meridian with the 
Center of the Sun or Stir, or any Point of the 
Ecliptic. 

LI. Oblique Afcenfitm is the Arch of the Equi- 
nodbial contained between the Beginning of y ^^^ 
the Horizon at the moment the Sun, Star, or any* 
Part of the Ecliptic rifeth ; on the contrary, 

Lll. Oblique Defcenfion is that Degree and Minute 
of the Equinodlial that fetteth with the Sun, Moon, 
Star, 6?r. 

LIII. Afcenfional Difference^ is the Difference be- 
tween the Right and Oblique Afcenfion of the Sun, 
fcff-. or it is the Time which the Sun rifeth or fetteth 
before or after Six a- Clock ; which, on the longeft 
Day, is reprefented by the Arch of the Equinoctial, Ca. 

LIV. The Amplitude of the Sun, or Stars, is the 
Diftance of their Rifing or Setting from the Eaft or 
Weft Points of the Horizon, in Decrees and Mi- 
nutes, toward the. North or South Points thereof •, and 
is reprefented by C i, on the longeft Day ; and C D, 
on the fhorteft. The Amplitude of Rifing is alio cal- 
led the Amplitude Ortive^ and the Amplitude of Set- 
ting, the Occafi'Oe Amplitude. 

Thefc are the Fundamentals on '-^h the Sub- 
ftance of the following Traft of Sphcr. Geometry 
does depend. And that the Reader mig "he better 
perceive the Meaning and Purport of each finition, 
I have hereto fubjoin'd a few Schemes fo* heir 11^ 
luftration, to which I have all along referred. 

And though no Perfon can pretend to ftudy this 
kind of Science without a previous Knowledge of thofc 

VOL. H- C Things, 
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Things, which arc the fabjed Matter <rf the foregoing 
Dcfinitbns ; yet if he hath no other Expedient than 
bare reading of their Definitions, and viewing pro- 
jeCked Schemes, he mufl havd an eitceeding happy 
Genius ever to acquire a perfe& Nijition ot them by this 
Means only. 

And therefore it behoves every one, who would 
make any tolerable Proficiency in this Part of Know- 
led^ to qualify himlfelf, as dii^ed ki the Pl^^ace to 
thisBook, at leaft fo far as he is capable and hath 
OpporOJnity. 



CHAP. 11. 

'theorems fencing to the Orthographical Pro- 
je<aion of the Sphere, calkd the Ana- 
lemma. 



T 



Theorem 1. 

H E Rays of Light by which die Eye, placed 
at an infinite Diftance, beholds an Objedk, dif- 
fer infinitely little from Parallel Rays. 



Demottjlration. 

Suppofe any Objed AB^ 
be leen by an Eye firil in C, 
then aftawards more remote 

in D ; 
By 21 Prop. I Lib. Euclid, the 

Angle ^C 5, 
is greater than the Angle ADB% 
confequcntly, the Angies 

C ui BfdSAf 
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are lefs than the Angles P^£, DBA ; 
Wherefore the Rays of Light JD/ijDB^ 
apfx^ch nejircr the Perpendiculara £ Ay FB^ 
than cto the firft Raya CA, C fi. 
Suppofe at an infinite Diftance be removed the 

Point, or Eye D \ 
Then will the Angle D^^, difier infinitely little 

froiii a right one : 
Confequently the Rays BA^DB^ 
will diflfer infinitely little fi-on\ E A9 FB% 
the two Parallel Rays. ^E.D. 

Theorem II. 

A PcSnt in tlie Surface pf the Sphere is there pro- 
jefted into a Point, where a perpendicular Rayt paflSng 
through the Point to be projefted, meets with the 
Plane of the Proje^on, 

liim$MfiraiioMf 

Suppofe the common Sec- 
tion of the Plane of 
the Projcftion be yf J9, 

and a great Circle of a 
Sphere be yfCfl, 

in which let the given 
Point be C. 

Praw the Perpendicular Ray fi D, 

Then 'tis evident by Infpeftion, the Point in the 
Sphere C, 

will be ieen, or projoAed mm the Poii|t £, 

where the Ray of Light RD^ 

fyXh perpendicular oo A B^ lh9 fwomon Saftion 
pfthcPlMc. ^£.A 

^QUn. 7 C i< ' The. 
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Theorem III, 

A Right Line, perpendicular to the Plane of the 
Projeftion, is there projeded into a Point, where it cuts 
the faid Plane. 

Demonjiration. 

Let the common Sefti- 
on of the Plane be 

And the given perpen- 
dicular Right Line 
be CD, 

'Tis evident, an Eye 
placed in R 

precifely over the Right Line CDy 

will perceive no more thereof, than what covers the 
Point D . ; 

in the common Sedion AB\ 

Into which Point it is therefore projedlcd, ^ E. D. 

Theorem IV, 

A Right Line Parallel, or Oblique, to the Plane 
of the Projedlion, will be projefted into a Right Line, 
Demonjiralim, 
Let the common Sedfcion 

of the Plane be JB^ 
and the givep Rrght Line 

be CD; 
By ^eo.2. the Points C, D, 
will be pro)e<9:ed mto the 

Points £;F, . 
in the Sedbn cf the Plane 

JB. 
And *tis plain, by ^eo. 3. 
^ that alj the intermediate Points <?, 0, f, fl, >, &c. 

will 
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will be projefted into the Points 7, f , 7, ;, ;, &c. 
Coniequently the whole nght Line C £), 
will be projeded into the right Line E F 
in the Plane of the Projcftion. ^ E. D. 

Theorem V. 

The Projeftion of any right Line is then greatell, 
when *tis parallel to the Plane of the Proje^on. 

Demonjiration, 

Let the Seftion of the 

Plane be £//, 
then ( by ^eor. 4. ) the 

parallel Line ^£ 
will be projefted into the 

hint EHj 
and the Oblique Line CD 
will be projefted into the 

Line FG. 
Now becaufe of the Right 
Angles JEH, SHE, 
and the Parallel Lines 

AB.EH, 
the Angles J£ ^JJ, -^5 H, 

are right ones alfo ; fo £ yf, H 5, #' 

will touch the Circle in A^ and B ; 
. Wherefore all other Lines CF, P G, 

drawn perpendicular to the Lin? E //, or AB\ 
will fall within the Perpendiculars AEj and B Hy 
and confequcntly the Line JS^//, . 
is ^ater than the Line tG, ^E.D. 

Corollary. 
Hence a right Lirfe parallel to the Plane of die Pro« 
jedlioq, is projcfted into a right Line equal to it felf ; 
•arid a Line oblique' to the find Plane, ,into one that |s 
Jefi than it felF. 

The- 
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Thiohem VI. 

A Semkirrle (landing at right Angles wiA the 
Plane of the Projeftion, is pwgofted into that right 
Line (viz. its Diameter) in which it cuo the Uid 
Plane. 



Demonjlration. 




''III 



W^MHfjfijf^ 




ILet the Semicircle be 

from which let fall 
' the Perpendiculars 

^f» oq^^iroqy Sec. 
. CO the JBeftion of the 

Plane ^5; 
Then becaufe die given Semicircle AqV 
fs at right Angles to the Plane, by Hypothefis ; 
(b therefore are the Perpendiculars oq^ ^, oq^ &c. 
Hence ( by Thaor. 2. ) all the Ppints 0, <?, 0^ 0^ 0^ 8cc. 
will be projefted into the Points j, j, j, j, j, &c. 
which are in the common Se6tion AB* 
Confcquendy the whole Curve AoB^ 
will be projeftcd into the right Line AB^ 
in which \% cuq the Plane of the Projeftion. ^E.D. 

Corollary. 

Hence alfo it follows, that a Circle (landing at 
right Angles widi the Plane of the Projcftion, is alfo 
prcjeded into a Right Line equal to its Diameter^ 
fmce the Extreipitics, of Diameter, qf a Semicircle and 
the Whole <3ircle^are all one, 

Any Arch of ^ Circle at Rij^hi; Angle* with thp 
Plane of the Projeftion, is projefted ipfio tb« R^ht 

Sine 
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Sine of that Arch ; and the Cemplemental Arch is 
projofted into the Verfed Sine of the iaid Aich. 

Demonftration. 

In the Quadrantal Arch AB^ 
any Part or fmall Arch Ao^ 
is ( by Tbeor. 6, ) projeded 

into C^, 
and its Gomplementai Arch 

is projefted into the Line q B. 
But the Right Line Cqtsiaoj 

%liich is the Right Sine of 

the ArCh Ao^ 
and the Line q B 
is the Verfed Sine thereof. ^ E. D. 




Theorem Vm. 

A Circle parallel to the Plane of the ProjedUoo, Is 
projeded into a Circle equal to it felf in the &id Plane. 

Demonjihaion. 

This Proportion is fetf evident to any one who un** 
derftands what has been hitherto faid i and will rather 
be obfcured than made dearer by any Geometrical 
Diagram or Demonftradon. 

Theorem DC. 

A Qttle oblique to the Plane of the Ptt{je£&m» is 
projected iAtoan EUipGs on the laid Plane. 



Demon^ 
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Demenliration. 




&ppofc the Circle 

C57)£ inter. 

fea the Plane 

of the Projedbi 

on* with its Di- 
ameter CAD\ 
To which draw 

the Diameter 

BAE. 
at Right Angles. 

And let the 

Circle, by the 

Perpendiculars 

BF,NI,EG, 

be projefted into the Curve DFCG^ 
in which draw FAG. 
Then is the AngkiBFyf, 

a right one •, and fince D A * 

is perpendicular to B A^ 
it will be perpendicular to FA 
another Line in the fame Plane FBA. 
Draw the Lines 1 Mj JV"P, 
parallel to the Diameters F G, BE y 
Then is the Angle's FA =a NIP, 
and both right ones ; ^Ifo becaufe NPj and P /, 
are parallel to BA, and FA ; 
the Angle SyfF=i\rP/. 
Therefore the Triangles B E A, NIPj 
are Similar -, ^nd FA : JP : :B A: NP. 
Therefore it will be FAq, : IPq:: BAq : NPq. 
Bit It is BAq: NPq : : CAX^AD : CP X. PD, ' 
(By 25 Prop. 3 Lib. Euclid.) TbHrC^FAi : IPq : : : 
CA%ATi:CPY.PD. 

But 
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But this is a Property of tho-Circle and Ellipfis ; 
therefore the Figure* C P DQ ifluft be one of thepi. 
But becaufe the Circle is oblique to the Plaop of the 
Projedion, its Diameter j5 £ is projefted. into a Line 
i^Gjefs than it fctf, by Thedhnts. therefore fince PG 
is. Jds than B Est DC, it follows the Curve FD G.C 
is ftir ElKpftSj whofe longer Diameter is D C, and the 
fliorter/^G. '^£.D..^ . 



^ Theorem X. 

/AnElliffts ftandiiig at Right- Angles with the -Plane 
of the Projeftion, is projefted into a Right Line ; if 




lefs than it felf ; except, laftlv,* when the longer Dia- 
meter is fo far fhocc'x^d by trie Prxgedion, that it be 
equal to the ihorter Diameter, and then 'tis projedted 
into a, Cif clc, * r ... 

'•* ''•' Defnqnjlratm/ 

Self-evidence is the Demonftration of this Theorem 
in every of it& Parts ; as is eafy fio.conccivc firom. what 
has beeo. Ui&crtOr4emonftrated of Lines and Cirdes. 
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^*^Wnt Quaintfty'. of any Right. Line is to its Quantity 
whisn proje6le4, as Radiui to the Co-fine of the Inclina- 
tion of that R%hi Lkie^o the Plane of the Projedlion. 

vol/ilw d 
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Denmiltration. 

Letdiej^vtn Right line 
be X) C, 

Its Projoflion (by fbeo- 
rem 4.) willbc JFCj 

The Angle of Inclina- 
tion isJCDj 

whofe Co-fine \s DEss FC. 

Make the given Line Radius DC : 

Then, as the giveii Right Line D C 

: Is to its Projeftion FC ssD E 

X : Radii* : to the Cofine 6i ACD. ^. E. D. 

Corollary. 
] jritxict iht Radius jbC, the Arch 1)G, and its 
right Sne D -E, are all evidently projeaed into the 
right line f'C =s Sine. 

Theorem XII. 

The jirea of any Circle is to the Area bf its Ellip^ 
tic Projeftion, as the Radius to the Co-fine of its In* 
dioation to the Plane of the Projection* 
Denwf^roHdn. 

LfetlReQsiadfifitttf a 

Da 



latdcCOB 

be fuppoftd to confift 
of an infinite Num- 
ber of right Lines 
fo^ aoj qo, qQy icc. 

And ftt ^ch of thbfe 
Lhies qoptCai±Cd. 

JjW the given Inclina- 
tion of the Circle to 
0ie Plane, be tto 
Anglci^CA 




By 
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By fimiliar TriaM^ CDF/c iL 
itwmheCD :CF::Cd(m^):Cf. 
And, lb are all die Unes jv, «, 90, f9, ice. 
ID all the Lines C/, C/, C/ &c. 
But til die Uocs j», 
oooftiiiite the Qwidtant C <?B » 
And all dK Lines C/, 
oonAiDiie die Ana of its FrMaoa CFH: 

WhoefaK, as the Radius C A 
: «> the Go-fine irf" die Inclination CF\ 

: : £> is the Aiea of die Quadrant C <? S, 
: n> die Area of its Ptoieaioa CFA; 

And lb B the Area oi die whole Circle to its Vn- 
jedion. ^JLD. 



CHAP. III. 

TrMm of fl^ Orthographical Prpje^on 
0/ rj^^ Sphere, or Aoalenini^. 
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PitOBLttI t 

r die Seaor tp ddcribe an ElUpTis, having 
die TranfVerle and Conjugate Dumeters gi^ 
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JUt the. Tranfrerfe 

an(J> the - Conjiigate 

Diameter CD^ 
Take thehalf of each, 

iHz..AEy CEy 
and; ftb diem in the 
• Seftof from 90 to 
. : '90,' in the Line of 
Sines ; . ^ 
Then lay. off ^t Pa- 
rallel Sines of 10, 
20, 30,'fcfr. 
on each Semidiame- 
ter from E to ^, 
and £ to C. 
Then on each Divifion, raife the Perpendiculars 

10^, 20^, .3Q^, £5?^. . • ' , 
And thro* * the Points of rntfirfeftion ^, a^ a^ a^ 

&c. 
S)raw the Curvelineal^Arch /&, 4, d\ ice. CI, . r . 
After the fame manner draw the odier three Arches 

CB, BD, DJ', r' - ^ 
fo Ihall the Whole EUipfis JC BD 
be compleat asxiequired,, ^;£. F. 




Problem IT. 

^ To divide a right Circle in the Plane of the Pro- 
jBflion inta its proper Degrees. 
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Let the Right Circle 

,'" projefted htAB^ 

and let i;: be reouired 

. to lay t)ff the Qgan- 

; tity 'of 20 'Degrees 

. ; therein F.G \i r' 

6n the CentralPoiflt £, 

. dfefcribe the circle 

TKfen-^om the Line of 
J# Chords let off 20 

' ^ Degrees from C to F> 
Let fall the Pependicular FG : 
Then (hall the Part EG 

be the Reprefditation of 20 De^ecs, by fbeorem 7. 
, as required. ^ E. F. 

By'theSeftor, thus; 
Set the Seftor to the Semidiameter E B ; 
Then lay off 20 Degrees on the Sines of Sines from 

£ to G ; ^ 
Thus you ha^ the Part required E G, 
by the fame Theorem 7. as before. ^ p. F. 
.;; iiiid thus may any right Circle be divided into any 
'\ ' 'Number of pegrces you pleafe.- 



' /' pRaBLEM m. 

To divide an Oblique Circle, in the Plflie of the 
Projcftion, into its proper Degrees. 



PradSce 



I 
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^^ 



Lee die «vtt Obliqae 
Circle be /C HP, 

and kc it be rapiired 
CO lay off an Arch 
-or 20 Degrees niere* 

OndieCenttrf, 
ddcribe die primitive 

Circle if Ci?D; 
Fram «tbe line of 
Cho«|s let! off 20 
Degrees from B to F\ 
JOraw the Line FK 
parallel to B £, 

cutting the Oblique Circle in C 3 
Then the Part GH 

will be made ^o^ in die Obliqoe Cii]^, as reqoimi 
^E.F. 




PR0BLS4bf rV. 

To projea, on the Plane of the Solftitial Colure^ 
(which in this Caie is the Pjbuie of the Prqjeftbn,) the 
great Circles of the Sphere, which ftand at right An- 
gles thereto, and are projeded into right Lines \ {by 
fheorem 6. J as the Horizont d^e EquinoftiaU the 
Ecliptic, the Equinoftial Colure, the Azimuth of 
Eaft and Weft} alfo die imall right Circles. 



PraHici. 
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Fraaice. 

Firft dderibethe 
Solftidal Go- 

dm aclb it with 
die Horizon of 

LniiMHO\ 
Set off 38« 3</, 

on a Line of 

Chords^ fitMil 

Hto£, 
and dnw die& 

n' offiaiLine 

Set off 13? 30' fbm i? CD C, 

and draw die fidfipdc C X .' • 

At right Angles to die Horizon HO, 

dnw die Azimudi of Eaft and Weft Z i^T : 

At right An^ to the Equator E ^ 

dnm oie EqumoAial Colure or Axis u the World 

A P. 
Parallel to die Equinoftial E^ 
draw die Tr6(nc of Cancer above C R, 
and the Tfty(»c of Oiprkom below TL\ 
Set a3« 3</ <^ fitxn P to F, G j and ^ti&S, D i 
Then draw die Ar^ Qrcle FG^ 
and the Antarftic Grde B D : 
Parallel to die Horlzcm //O, 
draw die Almacantars, or Parallels of Alttoide 

ah., cd' 
Thus all die great and fmall Circles at r!g|(it Aiglet 

to the Plane (rf* the Ftoje&ion are to be drawn by die 

Se^> or Scale (^ Chmds. 

Pro- 
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ProblemV. 

To dcfcribe the Hour Circles^ Azimufbs^ Circles , of 
PofitioKS^ See- which dire ^all Oblique )to 'fhc Plane of 
the Brojeffion. .. 1 '.*.' . ' ; , • .,j 

,On thQ^Eqa^tO; . 

I ~-jnS~JRj- . - - -. 

^ vfc^jofF eacji V/ay 
^' from the (Cen- 

jhe ;Hoqi' /roii 

^, bntht pi-^ 

rallel Sine'i, )eo 

A 5 ; 
T||i2n on the 

Lines .^«fi, 

as theCon|ugate 
r •„ '.^fld Tranf-, 

vcrTe Diameters, clefcribe aii Eilipfis^P 4 ^B, 
as taught in Prob. i.^ Then .(hall tjii^. l^yipfa? be f he 
Hour Circle defcribed: JIn.t;h^' fameVmanner'are He- 
fcribed the Azimuth ZC NDy^w^ tj^e Circle of ?o- 
fit»pn."H^O£. And thu^-.m;iy any of chafe Circles 
be drawn through eyer'y • 16 .Degrees, if the Equator 
jER^ the Prime Vcrtjcal '2'iV^ncl the Horizon //O, 
be graduated as the' Line of Sines is into jo^, 3t)^, 
go^i^^C' from -ther Center towards the Primitive, as 
taught in Prcb. 2. Alfo ahy of "thofe Ellipfes niay 
Jkj divided into their prQper Degrees, >y Prpb- 3 . . 

'■ - ; ' ' ' -0 ' ; 1 : * '. '! .. 'o • ..\i j::;o^ 

> ' > ' '.^ 7::) PrO" 
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Problem VI. 

To divide the Ecliptic acc(M*ding to the twelve Sigps 
of the Zodiack. See the following Scheme. 

ProHice. 

Fit the Seaor to the Primitive Circle, P E^R ; 
and having drjwm the Ecliptic ® v '^ : 
Sot off from the Center jlries and Libray T ^, 
the Sine of 30^ Tuurus and Virgo above, O '9f, 
and to Pifces md Scorpio b^low, 3f dH : 
Alfo the Sine of 60^ to Gemini and z!«?, n f^, 
and to Aqikiriusmd S^ilfariusy as ^ : 
Laftly, the Sine of 90^, or Radius, will reacji to 
CafMr and Capricorn^ » VS 1 
And thus is the Ecliptic divided as required. 



^ E. R 



Problem VII* 



To annex the Calendar to the Orlbograpbical Pro- 
je^iony or Anpkmma. See the following Sdiemc. 

PraSlice. 

I^t the Sun*s Declinfttion be fqand, for. the beginning 
of every. Mpnth and Wc?k, in its, proper JQ^grees and 
JMinufes ; and from al^juiq of Chords fee off.thofe De- 
mees^^nd Minutes at pACh.End,.and on. each. Side the 
E^juajor^ viz. from £ tQS and Ki and. from i? to 
gr,aad.;iy rej[peftivejy ;, and Jet the Welles be divided 
. into^Days ; . and thus if < your Pxtojedtipn }DeHi©ciendy 
large enougji, you may have a very exa6l p^petual 
Almana^in this Analemma* The Manner and Fi- 
gure of which you have here exhibited in finalL 

VOL. 11. E Pro- 
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Problem VIII. 

To exhibit or j^int out the general Ufcs of this 
Ptojcdion* 

The more notable Ufcs of this Projeftion arc as 
follows. 

I. It manifeftly appears, that when the Sun is in 
either Aries y» or Dbra tft, it is alfo in the E- 
quinoftial E -R, and conlequently that then the 
Days and Nights are equal all over the World ; 
that is, the Diurnal Arch £ Y = y -^ *^ 
Nofturnal Arch ; and this happens twice in the 
Year, viz. March the Tenth, and September the 
^ ; Twelfth V as is plain from the Calendar, 

IL When the Sun.is in the Sign Cancer S^ 'tis plain 
the Days are then longeft, and the Nights the 
Ihorteft they can be to us in the Latitude of Lon- 
don % that is the Semidiurnal Arch, ffi ^ , is then 
the longeft, and the Semino£hirnal Arch, ^ T", is 
then the Ihofteft it ever can be •, and this hap- 
pens about June the Eleventh* 

• III. It appears that on the longeft Day, the Height 

of the Sun at Noon is // gs = 62 Degrees ; its 
Height when due Eaft or Weft, 5 Y = and its 
Height at the Hour of 6, Morning and Evening, 
isAK= The Sun's greateft Declination then 
is jB ffi =23^ 30' ; its greatcft Amplitude is 
ytf = its greatcft afcenfional Difference is Aa::=z 
it is alfo evident there is then no dark Night, for 
the Almacantcr fVwy which bounds the Twilight 
and total Darknefi, doth not touch the Tropic 
©?*, or parallel of the Sun^s Motion for that 

Day. 

* i - * . ■ * 

The 
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IV. When the Sun is in the SigfiCaprkarn l», juft 
the Contrary will happen to what did when the 
Sun was in Cancer ; the Semidiurnal Arch KXis 
now the fhorfieft, and the Seminodtumal Arch 

Vqv II. Ea Xyf, 
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X v^, is the longeft it can be ; the Amplittide 
X*^, is equal, but on oppofite Points, to T « ; 
fo the Declination b now £ ^ ;;= £ S = 23° 30', 
but South -, tiie Meridian Altitude is now but 
HK = i5<> 00^ i the Length of Twilight is the 
Arch XT. The afccnfional Difference b much 
about ec^ual to the Twilight in this Cafe. 

Problem IX. 

To exhibit in one View a Synopfts of the AJirono- 
tnical Affections and Pofttions of the Heavens, for any 
particular Time, as May the firft, for Example. 

' Pra5lice. 

prom the firft of May^ parallel to the Equinoftial 

ER 
draw the Parallel of Declination / /, 
cutting the Ecliptic in ®, 
through which draw the Almacanther gh : 
Let fall the Perpendiculars/^, ®w, hi. 
Suppofe the Time of die Day, be Nine a-Clock in 

the Morning. 
Then draw the Hour Circle of 9 P Z. :^M, 
and the Azimuth Circle Zp Nq. 
Then for May the firft, 9 Hour, J M. 
The Sun's Place will be, 0, 
His Longitude in the Ecliptic, V ©, 
Declination North, E f. - 
Meridian Altitude, H f. 
Altitude at 9 a-Clocki ® w. 
Altitude a< 6 a-Clock, *i. 
Alihudc wh«?tiEaft at W*^ s % 
Rifirig ind Setwnft^^ 6. ; ^ ■ 

Right AfcdHfiow, V Z. • : 
Afceh&)nal Difereftce, fcr/. 
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Amplitude of Rifing and Setting, y c. 
Azimuth at 9 a-CIock, V p. 
Semidiurnal Arch, f c. 
Seminodurnal Arch, c L 
The Arch of Twilight, cL 

Note J The Time of 'the Motion in any of thofe 
Arches is eafily known. For fince the Sun, or 
Earth, moves 360^ in 24 Hours, that is at 
die Rate of 15® in one Hour, and 15' in one 
Minute of Time. 

Problem X. 

To repreient the fixed Stars in ^^aUmtna. 
PraSice. 

L Find the Star's Declination from the Equiooftial. 
II. Alfo its Latitude from the Ecliptic. 
in. Draw the Parallel of the Scar's Declination, to 
the Equinodtial. 

IV. Draw the Parallel of its Latitude alfo to the 
Eclipdc. 

V. Then in the Point where diefc two Parellcls do 
interied each other, will the Star be projeAed. 

Thus I fuppofe i:he young Learner hath by this 
time a fufficient Notion of the Natuie, Manner, and 
Ufe of t\it Orthographical ProjeBitpL And I doad- 
vife ^wry one xbit 16 ftudious this way> to nuke ibr 
his Ufe a very large one, with the Calendar annexed, 
and it will ferve him as a perpetual Almanack ; and 
fave him the trouble of Calcuiadon in many Aftrono- 
inical IVoblems ; as is evident fixn what I have al- 
ready iivwiib Md wiH beicafter further appear^ 

CHAP. 
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e H A P. IV. 

Theorem /ervi?ig to the Sfereographic Pro- 
jeftion of the Sphere in fkno.^ 



Theorem I. 

A Point is there projeded into a Point in the Plane 
of the Projeftion, where a Ray of Light, paffing thro* 
the Eye and die given Point, meets die Plane of die 
Projcftion. 

Demonjlratim, 

Suppofe the com- 
mon Sedtion of 
the Plane and 
Circle be CD. 

The Eye placed in 
E. 

The Points to be 
projeded A^ B ; 

draw the Rays E Jj 
Eh, 

*tis evident the Point A 

is, by this means, proje6ted in a^ 

and the Point B 

will be projefted in J, 

which is the Plane infinitely continued. S^^. J>. 

Theorem II. 

A ftraight Line in the remote Hemilphere, or Semi* 
circle, is projcfted into a Right Line Icfs than it felf 5 
but in that Heipifpherc, or Semicircle, which is con- 
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tiguous to the Eye, it is projcaed into a Right Line 
greater than it fcif . 

Bemenliration. 

In the remote 
Semicircle 
FABG, 

Let the gi- 
ven Right 
Line be 
AB, 

draw up the 

E Bj 
they will cut the common Sedion in a, ^ ; 
therefore the Line a b 
fhall be the Projcdkion of A B^ 
but lefs than it. 

In the contiguous Semicircle FEG^ 
let the given Right Line be C D, 
draw out the Rays £r, Ed^ 
pailing through the Extremities of the Lines, viz. 

and meet the Seftion of the Plane, produced each 

way, in <*, d : 
Then fliairthe Line cd 
be the Projeftion of C 2), 
but much greater. ^^E. D. 

Theorem III. 

In every Right Circle, the farthcrmoft Semicircle is 
projefted into its own Diameter •, and the Contigu- 
ous Semicircle is projcfted into an infinite Right Line. 



3^ 
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Demonjiration. 



From the Ex- 
treamiries 
of the far- 
theft Semi- 
circle AaB^ 

draw up the 
Rays E A^ 
EB, 

then will all 
the Points 








/ // s i \ WW' 
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which make that Semicircle a^ a^ a^ a^ Ac. 

be projefted into the Points o^ o^ o^ o^ &c. 

which Points do conftitute the ©iameter AB. ^ E. D. 

Then in the contiguous Semidrcle A E 5, 

any Points therein, e^ f, 

will be projefted into the Points c, d, 

in the infinitely extsended Right Line, or Diameter 
A B ; 

and becaufe the Ray g E b 

( in which die higheft Point E 

is feen) is parallel to the Diameter infinitely ex- 
tended c d i 

and becaufe each Quadrant A F^ E B^ 

is proiefted by the intermediate Rays f, i, i, &c. 
/ //s i(, i, ^ &c. 

and they all tendtng^towards ^.^for^d infinite 
Right Line c d. 

The entire Semicipole will of confequence be projefted 
into di^it infinite Right Line. ^ E. D. 



Theorem TV* 

Every Circle direftly oppofite to the Eye, or pa^ 
rallel to the Plane of the Projedion, will, in the far- 
theft 
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theft Hcmifphere, be projefted into a Circle lefi than 
it felf ; but in the Contiguous Hemifphcrc, into a Cir- 
cle greater than it lelf. 

Deimnjiration. 

In the farther Hemif- 
phere A Si 5, 

Let the Circle to be 
projeaed be OKPL, 
on the Plane, per- 
pendicular to the 
Eye ARBK, 

from the Diameters of 
the Circle OP, MiV; 

draw up the Rays E P, 

EO,EM,EN, 
they will meet the Plane 

of the Projeftion in theToints //, G, F, D. 
Now becaufe of the Parallel Planes ARBK, ONPM^ 
The Triangles will be fimiliar ELP, EC H^ 
and therefore it will ht E C : C H : : E L : LP i 
Alfo by fimiliar Triangles ELN.ECD^ 
it wUl ht ECiCD.:EL:LN% 
alfo EC:C F::EL:LM: 
Then by Equality of Proportion LP : LN:: CHiCD^ 

and LN.LMi.CDiCEy 
But the Lines LP=^LN-LM=-LO, 
as being the Radii of the Circle OKPL: 
Therefore it will be CH=Cn=^P^CGi . s 
and confequendy the Scftion G D HF [ 

Will be a Circle alfo in the Plane of the Ptojedion, 
but Icfs dian it felf. ^.E.D. 

In the fame manner it is proved, that a Circle iii ]die 
Contiguous Hemifphere, parallel to the Plane of Pro- 
jedion, is projo^ed into a Circle greater than it felfj 

.VOL. a . . F THRO- 
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Theorem V. 

Any Oblique Cirde will be proje<acd into a Circle 
in the Plane of the Projedtion. 

Demonjlration. 

Suppofe the Oblique 

Cfrclcbe DRCS, 
draw die Rays ED^ECy 
then will its Projcaion 

ht.GIHLi 
Let the fcalenous Cone 
. EpRCS 
be ciit by a Plane FM, 
parellel to its Bafe 

DRCSi 
Then ihall die Scftion 
. ir.IML 
be a Circle, by the Co- 

pk Eleciierits. 
Draw the Diameter ENi 
Then becaufe iij the Triangles ECN, EP H,. 
The Angle £CiV=£Pfl; ; 

Being bodi fight ones j and the Angle at JS 
IS common to bodi $ wherefore die Angle '£ NC =. 

E HP. ® 

^ut (by Euelid*s Element*) die Aljgle ENCssEDC. 
fy EDC.t: Xl^-p 
Now becaufe the Triangles E F M, E C D, 
arc Equiangnlar ; diei-efore the Angle* E FM^E HG. 
And the Angle E . ^ 

-being: common to bodi the Triangles EFM, and 
'. . E(HGt 

fliofc Triai^cs are fimiliar, and fubcontrarfly pofited. 
Now becaufe bodi die Lines i='Jkr, <? a; 
arc in die lame Plane DEC -, 

Thcre«» 
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Therefore the common !ntcric6lion of the Pkne /£, 
is at Right Angles to both FAf and GH. 
Hence it will hcFK%KM^KLq, 
becaufe of the Angles EFM ^ EHG, GKF = MKH% 
therefore are tfic Triangles fmiiliar GITF and HKMi 
whence it will be GK .XMi : FK: KH; 
therefore G ^'x KH= KMXFK= KLf ; 
and conlequcntSly tlic Point L 

is in the Circuni^ence of a Circle i the &ine is ^ be 
proved of the Point /; and coniequently the^ Curve 
GIHL is a Circle whofe Diameter Is IL. % £. D. 

' Theorem VI. 

A Right Qrcle, or any Part thcceof) is^toje^ted 
into a Line 6f HaU-Tangoits. 

lyemonfiratwn. 

Let the Plane of the 

Projeftion be ATBK^ 
apd the given Right 

Circle yf^'BDi 
let the Part to be pro- 

jefted be D ^i 
thro' the Point F, 
draw the Ray£F;| 
with the Raaius ^ C, 
defcribe the Arch CH% 
alfo draw the ..Line 

CF. 

By l!heor. 3, the Arch DF 

will be projected into Cir^^ 

which is the Tangent of tte Angle CE6 \ 

But (by the Elements/ the faiii Ai^ .C£(?s5 J2)CJ^ 

and of confequence the Ardh-CifeTaii \DF. 

Therefore the^liincCC?' ^ • ' ' 




3^ 



Theerems ferving to 



is the Tangent of half' the Arch DF. ^ 

And thus the Line C.B^ \ ^ . . ■■ '^ 

is the Tangent of half the Arch DB y -rj-j ';,» 

fo the Line C L 

will be the Half Tangent of D N. : : . . . 

Thus is the Stroitjrck DBEy and confe<3p3«ntly Ac 
Whole Circle A E B D^ evidently prq^^Sicd into a 
Line of Half-Tangehts. ; ^ jE. A . i i 

. THtoRKM \\i. : i : ^ ^ ^ 

The Center of apy Pblique .great Circle, projefted 

on the Plane of another great Circle, (hall be in the 

'Lbe of M^afure$.:and!diftant fronm the Center of the 

Primitive, by the Tangent of its EJcvftUon. above the 

Plane of the Primitive Circle. 

Bemonjiratiop. ^ 

1-et-the Pfimitive^ 
Circle be ~^ 

5md the Oblique 
''^ ' Circle to be pro- 
*' jefied, £Af7V^; 

thro* jthe Point Af» 

draw -fhe -Line 
EG, - 

then thro* die Cen- 
ter F, 

draw the Diameter GH^ 

Next draw the Line, E A . i ; 

meeting the Diameter .>/ 5, 

continued out^ in tjie Point P J 
' Then fhall the-.LincjMA . 

be the Projeftion of the Diameter G fi^ 
; if the given ObligucrCircle EMN, 
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Therefore bifeft the Line MD9 

in the Point C, 

CMi which may be defcribed the Circle E MNIX 

Then 
On the Point £, 
with the Radius EF^ 
dcfcribe the Arch 1FK% 
draw the Line EC \ 
Then is d>e Angle GEN^\GFN\ 
Alfo the ^me Angle G E N =t ED F = [. E C F. 
Wherefore Ae Angle G F N^ ECF\ 
Alfo its Complement G Fyf = FEC: 
But becaufe 0f equal Radii, EFz=: FGi 
Therefore will the Arch AG=zFK\ 
But the Line FC, 
is the Tangent of the Arch FK, 
and therefore equal to the Tangent of the Arch AG^ 
which is the Elevation of the Oblique Circle EMNf 
above the Plajie o^ the Primitive. ^ E. D. 

; CtfroRary. 

Hence becaufe the Secant of the Elevadon EC sc 
MCj if that be fct off from M, the Prcgefibed Extre- 
mity of the Diameter MD, it will find C, the Cen- 
ter pf the Oblique Circle 5 fc? vice verfa. 

Theorem VIII. 

If a leflerjDrcIe, whofe Poles lie in die Plane of die 
. Projeftion^ to be projcdled, its Center (hall be in the 
Line of Meallires, diftant from the Center of xht Pri* 
mitive, by the Secant of its Diftance from iti Poles \ 
and its Radius fhall be equal to die Tangent erf that 
pittance* 
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Demonfiration. 

Suppofe the PrmU 

initive Circle be 

ABCD, 
The Line of Mea- 

fures produced 

the leffcr Circle ft) 

be * projefted 

EeF, 
whofe Diameter i$ 

and its Poles sm Bs :an^ D. 
Here the Eye is placed in yf : 
Draw the Lines Ae E^ A Ef^ 
r then Ihall the Digjneiier EF^ 
be pmjedbid into th<e Line ify 
which bifcfted, gives the Center O, 
of the Projeftion of the Jefler Grcic EeF: 
Draw the Lines ^£, E O, Ef ; 
The Right aii^ed Triangle e E f^ 
is divided into two funilar TTia^ngles e E Ny 

NfE, ; 
by the Diameti^r ]EF. , 

Therefore the Angle e'EN ^^E/N^^fEOi 
But the fame An^ e.EN ;^ £-4^^ ^EAi 
Therefore the Angle ^E A = fE O. 
!lf from the fiight? Angle e Ef^ 
be taJcen ihe Angle 0£/, 
and to the Rejnainder, i)e add?d* the Angle 9E A^ 

. i^^oEf.) ' ../.: ..'/. .... ' . 

ThcSum-ajall::l*^heHiffht4ngJe^^^jfeC), ' 

And therefore, becaufe ^E 

is a Radius, the Line £0, 

will be the Tangent of the Arch JB2>j^ 

and 



and 
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and the Secant thereof is ^iD ; 
But the Arch E D, 

is the leffcr Circle's Diftancc from its Pole D. 
^E.D. 

Thborem IX. 

If a Icfler Circle be projeftcd, whofe Poles Ke not 
in the Plane of the Projcftion, its Diameter, if it fdl 
on each fide the Pole of the Primitive, will be equal 
, to the Sum of the Half-Tangents of its grcateft and 
leaft Diftance from the Poles of the Primitive, fct each 
way fit>m the Center in the Line of Meaiures. 

Demonjlratm. 

Let the Primitive be DEBC, 
the Lme of Meaiiires BDj 
the Icfler Circle to be pro- 

jeftefted FIEy 
whofe Diameter is F E \ 
which, with refpcft to the 

Eye at £, 
will be projcfted xniofe ; 
Then on the Center £, 
and with the Radius E ^ 
defcribe the Arch H ^ G ; 
then will the Lines /^ ^i?, 
be Tangents of the Arches H ^, and ^G •, 
But the Arch ^H = ^ FC, ^G = J^CEi 
Therefore ihall the Lines ^/, and ^<r, 
be the Semi-Tangents of the greateft Diftance 
and of the leaft Diftance C jB, 
of the leffer Circle C IE, 
from the Pde of the Primitive C ; 
Therefore the whole Line fe, 
will be equal, t^c. ,^ED. 

Theo- 




CF, 
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Theorem X. 

If a lefler Circle to be proje<^ed fall mtirely on 
one Side of the Pole of the Projedion, then will its 
Diameter be equal to the Difference of the Half Tan- 
gents of its greateft and leaft Diftances from the Pole 
of the Primitive, fet off on one and the fame Side of 
the Center of the Primitive, in the Line of Meafures. 

DemonJlraHon. 
Let the Primitive Circle 

he E BCD, 
the Line of Meafures 

DB, 
the lefFer Circle to be 

projefted, CIA 
whofe Diameter is Fj4^ 
which, with refpeft to 

the Eye at £, 
is projcftcd into the Line 

fa 5 ? , 

On the Point £, 
with the Radius E ^ 
defcribe the Arch ^H-^ 
alio draw the Lines ^F, ^/f ; 
then will the Lines ^, ^^, 
be Tangents of the Arches ^h, ^H ; 
But the Arch ^i& = 4 C F, ^H = lCA-, 
Therefore will the Lines ^, ^a^ 
be the Half-Tangents of the greateft and leaft Diftancc 

CA CF, 
of the lefler Circle FIA^ 
from the Pole of the Primitive C ; 
But the Difference of thofe Half-Tangents is ^— ^ 

Therefore its Diameter is equal, ^c. ^E.D. 

Theo- 
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Theorem XL 

In the Stcreographic Projcftion, the Angles made 
by the Circles on the Surfaoc of the Globe or Sphere, 
are equal to the Angles made by their Reprcfentations 
in the Plane of the Projeftion. 

Demonjlratm. 

Suppofe the Eye at 

^» 
projefl: the Sphqf ical 

Angle PBO, 

draw the Taogpnts 

BK, BIy 

to the Circles BO^ 
BPi 

from the Point 5, 

draw the Line B C, 

parallel to the Dia- 
meter D Q, 

and draw up the Rays 
AC,AB\ 

let fall the- Ptrpendicular K 7, 

and draw the Line F I\ 

Now (by die Elements) the Angle KBA=:. ACB = 
ABC% ^diH^ 

and the Angle BFKz=z KBF\ 

Therefore the Line BK=z/CF', 

Then in the Triangles IKF, IK By 

the Lines or Sides 1 Ky K F, 

are equal to the Sides I Ky KBy 

and the Angles IKFy IK By 

are both right ones ; therefore IFK = IB K -, ' 

iKow becaufe the Tangents BKy B ly 

^re projedted into the Lines KFy L F^ 
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Therefore their Angle on the Sphere IB X, 

is equal to their Reprefentation in the Plane of the Pro- 

jeftion I FK\ 
But the Angle made by the Tangents, I BK^ 
is equal to that made by the Circles, P BO y 
Wherefore the Spherical Angle PBO=z IF'K, 
are its Reprefentation on the Plane of the frojcfitioh. 



CHAP. V. 

Problems of the Stereographic Proje(5tion of 

the Sphere in ^lano. 



r 



Problem I. 
O find the Pole of any Great Circle. 
PraSiice. 



In this Problem-are three Cafes ; 
Cafe I. Of the Primitive Circle AFB 
By Definition IX, its 

Pole will be in the 

Center C. 
Cafe 2. Of a Right Cir- 

cle, as ^5, 
Set off 90 Degrees from 

A^ or By 
each way to the Points 

Ej and D, 
and thofe Points will be 

the Poles required. 






y"""^^/' 




/ p 


\ \. 


1 ^'/ 


\P ] 


I 4 


c \ 1 


V \ 


\ 1 


Vv^ 


_^^,y^ 



Cafe 
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Cafe 3. Of an Oblique Circle £ FA 
thro* the Point E^ 
draw the Line E (?, 
and lay off 90 Degrees from e to/5 
then drav/ the Line Efy 
cutting the Diameter A By 
in the Point P, 
the Pole required. Or thus. 
The Half-Tangents of the Angle AEF^ 
fet off from the Center C to P, 
give the Pole required. 

Note, In all thcfe Cales, the Poles of lefler parallel 
Circles are the fame. 

Problem IL 

To defcribe, or lay down, any Spherical Angle. 
Prad'tcf. 

In this Problem are four 
Cafes. 

Cafe I. When the An- 
gle is at the Center of the 
Primitive C. 

Let there be made the 
Angle J5CF=40^ ; 
take the Chord of 40, 
and fet from B to F, 
and draw the Line C F ; 
then is the Angle BCF^ 
of the jufl Quantity required. 

Cafe 2. When the Angle is in the Periphci7i as at E ; 
let there be made the Angle AEH^sz 40^ j 
fit the Seftor to the Radius C £, 
and fet the Secant of 40*^ from Eor D^ to C 5 
then on the Cbntcr ^, 
defcribe the Circle EHD \ 

VpL.IL G 2 then 
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■ I ' ■ ■ ■ ■— 1— — — — — ^— ^— ^i^^— ^— ^^— — i— ^ 

then fhall the Angle AEH^ AD H ^ ^0"", 

as was required. 
Cafe 3. When the Angle is in 

the Primitive, but not in the 

Center, or Periphery ; as 

at 4> 
Comprehended by the Arch of 

a Right Circle D A^ and 

the Arch of an Oblique Cir^ 

cleff^;. 
and fuppofe it is required to 

contain 52^ 30' ; 
take the Co-Tangent di CA^ 
and fet it from the Center C to G ; 
draw the Line G e^ 
parallel to the Diameter E F. 
Then take the Co-Tangent of the giren Angle, "viz, 

and fet it from the Point G to ^ ; 

then on the Center e^ 

defcribe the Oblique Circle HAI^ . . 

which ftiall contain, with D A^ 

the required Angle D AH =3152° 30'. 

Cafe 4. When the Angle A 

is contained under the Arches of two Oblique Circles 

HAy zndKA', 
let it be required to contain 15^ ; 
By the laft Cafe, make the Angk HAD = 52 30' i 
alfo make the Angle KAD = 37^, 30' ; 
fo fhall che DifFercftce be the Angle H^J?s .15^, 00'. 

as required. 

Problem III. 

To draw any Great Circle ,thro' any Point, fo, that 
it (hall contain ^ny given Angle, witfc-ilie Priaiitive 
Circle, 

Pralficft 
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ProHicc. 
Suppofe the Angle EAG 

made with the Primitive, 
and Oblique Circle 
AGB, 

t>afling thro* the given 
Point i 

fit die Seftof to die Ra- 
dius C£, 

with th^ Tangent ( 

and one Foot of the Com- _ 

pafles in C, 

fweep the Arch ab^ 

and with the Secant of 58®, 

apd one Foot in the given Point O, 

interfeft the other Arch in e \ 

on which, as a Center, delcribe AG By 

(he Oblique Circle required to be drawn. 

Note, The Point O muft be fo far diftant frond the 
Center C, that the Tangent from C, and the Secant 
from O may interfeft each other. Othcrwifc it is im* 
poffible. 

Problem IV. 

To draw a Great Circle thro* any two Points given 
within the Primitive Circle. 



PraQice. 



'*?- 



i 
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Pra£lice. 

Thro* the Center C, 
and (always) the remo- 

teft of the two given 

Points P, O, 
draw the Diameter A By 
which crofs with a fe- 

cond Diameter B £, 
at Right Angles ; join 

on the End of which A IB^ 

ereft the Perpendicular B 7, 

cutting the firft Diameter produced at pleafurc in / ; 

then thro' the three Points P, 0, /, 

defcribe the Circle FOG I-, 

artfl it is the Great Circle required. See Euclid^ Lib. 3. 

Prop. 25- 

Note, If the Diameter F G, paffeth thro' the Gen* 
ter C, the Circle is drawn true ; otherwife not. 



Problem V. 
To Meafure any Spherical Angle in the Projcftion. 

Practice. 

In this Problem are four Cafes. 
Cafe I. When the Angle is at the Center of the Pri- 
mitive C, 
As the Angle BCH\ 
Tike the Arch B H> 
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give 



and on the Line of Chords 
you will find it contain 
50° 30', 
the Quantity of the Angle 

BCH, . 
as required. 

Cafi 2. When the Angle 
is at the Top of the Pe- 
riphery of the Primi- 
tive £. 
Let the Angle to be mea- 

fured bt j4 ED i 
Find the Pole j, 
of the Oblique Circle EDF\ 
then draw the Lines Ed^ Eg\ 
fo Ihall the Arch Fg =: Ad^ 
meaiiired on the Line of Chords, 

JED = 44^ 30^ ; 
and thus the Arch d F, 
will give the Angle DEC 

= 45^ 30^- 
Cafe 3. When the Angle 

is neither in the Center, 

nor Periphery of the 

Primitive -, but at P, 
Thus ; let the Angle to be' 

meafured hcBP^y 
from the Angular Point 

P, 

lay a Ruler from the Pole 

C, ^ 

of the Oblique Circle BOH, 
and it will cut the Primitive in b \ 
But the Point D, 

is the Pole of the Right Circle ^11% 
wherefore the Arch D b^ 



the' 



Angle 




is 
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is the Meafure of the Angle BP ^ 

and will be found on the Cbwds to contain 6^^ 15^ 
as required. 

Cafi 4. When the Angle, as A, 

is contained under two Circles oblique to the Primi- 
tive, asBOH^ DFE^ 

Thus ; to meafiire the Angle B AD^ 

find the Poles of the Oblique Circles a^ C ; 

lay a Ruler from rhe Oblicpjc Point A^ 

to each Pole, and it will cut the Primitive in, 

wherefore the Diftance of the Arch b e^ 

applied to the Chords, gives the Angle BAD == 35^.; 
as was required. 



he 



Prpbljem VI. 

' To lay off any Number of Degrees on any Great 
Circle. 

PraSlke. 

In this Problem are three Cafes. 
Cafe I. To divide the Pri- 

mirive AEBC 
this is done by a Line of 

Chords thus ; fit the Seizor . 

to R^ius A F ^ 
fot^off^the Chord of 46^ 30^ 

fr£>m A to e, : 

and it is done. 
Cafe 2. To lay any Number 

of Degrees on a Right Cir- 
cle EFC. 
This is performed by a Line of Half-Tangents thusj 

from the Center is 

fet the Hatf-Tangent of 46*^ 30/ to /, 

in the Right Circle F£, ' . 

and 
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jtri* :& te done I for the Arch ' — Ff as ^6^ ^. 
Ca]h^ 3. To hy any Number of I>g;reQSi)n an Ob- 
. Hque^Srclc, as — — ^ 2> ^. 

Fn*, find thc-*ole of that Qrcle' — g\ 

then 'ft>m the Line of Chords, fey off 50** joi 
an the PrimitiTc, from — J5 to i> > 

AenTny a itol^r(M the Points — < ^, i;, 
and it will cut the OMitjue Circle in •— * » ; 
fo IfiaD- the Arch ^— D;i » 50^ ac^ j 

as was required. 

Uf^ty That to mcafure any Part of ia grftac Circle, is 
' only the Reverie of this P^roblem in each Cale> 
and cannot be >difficulc to any one, who hath 
orderly come thus farl 

Problem VH, 

To draw a Parallel Qrcle. 

PraSlicc. 

. In this Problem are three 

Cafe. 

C^ I. To draw a Paral- 
lel to the Primitive Cir- 
. de — AEDK. 

Wutli:aie Half- Tangent 

of its DiAance from the 
. Pofc, — C, 

of the .PrHQtdve, deferibe 

the Circle BGFH^ 
. and Aac is the I^rallel 

required* 
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GjlJ a. To draw a Paralkl to any Rights Ginrioj 

Set-thc Halfr Tangent . 

oF its Ijiftancc, ( fiippofe 

ftpxn the Right Circle ) from 

Tten fct the Tangent of •— 

( the CompJcment of its Diftance ) from 

in the Diameter produced to — • 

On that Point, jas a Center, draw -— 

and it fliall be the Parallel Circle required 
Cafe 3. To draw a Paral- 
' lei to any Obllqqe Cir- 
^ cle — EDGi 

Supppie at the Diftance 

of --46^ 30:5 

Firfl, find the Pole of the 

Oblique Circle — a ; 
Then meafurc the Dif- 

ance — .C tf, . 

on the Half-Tangents, and 

it will be 32® 30'-, 
which fubftraft from — 

( the Complement of the given Diftance 
and there will remain . — * — 
fct the Half-Tangent of. this from '— C to a 
and fet the Half-Tangent of, — 43^ S^^ 
ffom the Point — — C to fi 

then draw the Line — *— e fi 

bifeft this Line in — ■ — • K' 

on which, as a Center, defcribe — ^if^9 

and that will be the Parallel Circle required, > 

By this Problem, the Path of the Vertex of any 
Place is dcfcribed in Aftronomical Schemes. : 




so'. 
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Pkobl EM* Villi 

To draw a great Circle pcrpcndfcular to another "gf- 
ven great Circle. 

PraOice. - ' I 

In this Problem are four Cafes. 

Cafe I. To draw^a Circle at 
Right Angles to the Primi- 
aVe'^ — AEBE 

Thro* the Polef ( or Center ) C, 

<Jrit¥r any Rijght Circle E F ; 
and it is done as required. 

Cafe 21 T^ draw a Circle per- 
pendicular' to a Right Cir- 
cle" ~ . — EK 

Through the Poles — A^B^ 

draw the Diameter — . 

iand it is the Circle required. ' 

Cafe J. To draw an Oblique Circje perpendicular 
to a Right Circle, as — — E Fl 

Thro* the Poles thereof — A^ B, 

defcribe the Oblique Circle *-p» AJ).B's 

^ and it is done as required. 

Cafe 4. To draw an Oblique Circle perpendicular to^ 

; an Oblique Circle, as — — A D B.^ 

Find the Pole thereof — ^ _ P ; 

dien^ draw any Diameter — ^- HI'^, 

defcribe a Circle thro* the three Points /f, P, I^ 

. and that is the Oblique Circle recjuircd. 

^ofe^ If the Point of Interfeftion, f, be limited, then 
draw a Circle through e and a^ by Prob. 4. 
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Peosblem DC 

To graduate any Icfibr Oblique Circle. 
Practice. 

Let the Primitive 

Circle be JBCD^ 
and the Circle /JSTLilf 
be the Projedion 

of jdie leffer tir- 

clfe — FG, 
which is Oblique to 

the Circle JC-^ 
let the Pole of the 

pblique Circle Z, 
be projeded ©to JP ; 
kt it Be diftant from 

its neareft Pole^ 
^ tyOZ ^ 50^ y 
V^d from its farcheft Pole by 
with the Half-Tan^nt of 

(that is, with' the. Tangent of — 65^0 

deTcHbfi the Pricked Circle ' — ^RSTy 

divide this Circle into any Number pf equal Parts, 
\ m *«. — — a^ bj c^ &c. 

and laying a Ruler fi:om — — ^i 

tp the Points. -^ -^ t^^a^h ^i 

it m)X interiedi the Oblique Circle in the Points o.p^q^ri 
then will the Arches of c=r Ta, pq ^ abj qr =f hcy &c. 
And thus may the whole Oblique Circle iKLM^ 
be graduated ^s required. 




*^l\T\ 



OH^ 130^ 



130« ; 



CH A?.. 



"IMri-^r^e^eM if^the Spkere, &c '^ jn 
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0/ the Stereographic Projedion df'lU 
, Sphere m the Pitneoof^thoGfiKral Iferi^ 

of the B^noSial y of ^ imatl, GM^ ' ^f 



!• To frti^eH the Sfhfre'on the TIane ^ the 
Genera i Meridinn. 

N the Center £, dcfcribc the Primitive 
Grcie JIB CD, Teprcfcnting die General 
Brafs Meridian; and crofs it with two 
Didinetersf y* C^ and BD -, the firll of which, viz. 
A C, reprefeAts die Equator ; which, bccaufe. it ir at 
Right AngJes wiih the Meridian, is projefted into a 
RighrLinc. The other Diamear, B 27, is the Axis 
of the Sphfer«, and its Extremities 5, D, the Polci 
tJiercof, North and South. 

2. M the Primitive Circle be made to neprefent tlie 
Solftitiai Orfure, then BED (hall rcprefent the Equi- 
noftial Colore ^ and the Right Line »£ yp is the 
Projcftion of the Ecliptic ; which is thus divided ; 
Take the Half-TtMJgent of 30^ ( or one Sign ) and fet 
it both ways from the Center JE, and it will cut the 
Northern Signs ks and tR s and the Southern Signs J€ 
And nt : Thus the Half-Tangent of 60^, (hews the 
Signs 3C and i\, -, and ^ and ,? •, and thus may each 

Sign 
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Si^ be alfo divided into its' proper Degrees ; the 
Points of Cancer ffi, and Capricorn V, being 90^ 
liiftant from T zxA4^ ia'thcL*EcpinaSlial Colure, arc 
projeacd into the Primitive, 23^ 30' above Aj and 

X^qvrQ, , • .; - I : / 1" '.^: i •/: '0 

- 3. The -Hour >CSiycs;>oJr'lBtermediat€ Meridians, 
as S 15 Dyy||30,A*^8a:^ ait'lalj dr4)»rn,by Prth- 
Bern 8,. Cafi %^y and fheofem 7'; That is, by fetting 
tife HaH-Tangtnts of i^i 30^, 45^^^ 6rr. both 
ways from the Center on the . Equinoctial l^jbich 
gives the Points of Interfeftion therewith, and the 
Secant , Complement^ fet^ .frpn^ .thofc Points of In- 
terfeaion (or the Tangent Complement fet from the 
Cancer j&) upon the Equinoftial, expended when there 
IS occafion,' will find the Centers, oh which the(5 
Circles are defcribed, paflihg ithro' the Intericdtion and 
the two Poles 5, D, 

, * * ■ ' • t 

4. The Parallels' of Latitude, ( among which the 
dotted Lines denote, the ;Tropics and Polar .Circles, 
on each fide the Equatbf, ) are all drawn by Prth 
hlem 7, Cafe.' 2y and l^eorem 8 ; That is, by cut- 
ting off the Half-Tangents of loS 20^, 30^, ifc^ 
from E the Center, towards eicher Pole J5, and D ; 
and thus . ypu will have the Interfeftipn.i the Secant's 
Complement fet from the Center E on the Diameten 
B D extended^ ( or tht Tangent's Complement fet 
from the Interfcftions ) will find the Cenie/s or ^thofe 
Parallels, on which they are to be,defcribed, 

5, This Projeftion may be made for any iJatt 
tude, and then the Prime Vertical, aud Azimuth 
Cirtlcs ; as alfo the Horzfon of the Place, with the 

: .Qirck(% 



f _ 



0» tb0 Plane of the MeriJian^ 5f 
. Plane ort/u^jt^yrieyra/^'^eT^ ^ 




Circles jof Pofiaon ; alfo the Circles of Loi^tudc. 
and Latitude for the Stars ; but they would entirely 
perplex the Scheme, and confound the Eye -, and there- 
fore are omitted % they being drawn in the lame Man- 
ner as thoie above deicribed. 

- 6. By this ProjidUon all the Parts of the Globe 
may be laid down, and thus a general Map of the 
whole World is conftrufted \ but becaufc the projeAed 

Meri* 



y ^ . The ^mj^iafr of thfi S^m 



Meridians are not equidiftant from each other, there- 
fore the^Paro^flcheiE*W? c^nijot>fep^kkt)-tHfwn io. 
their true ^nd juflLEroportioni. , <>' . ,, 

2. The ProjeQiion of the Sphere on the Plane of 
the Horizon of^p^^f^ l^tude 51^ 3o*/ 



^-^C-. 



-iw , 



. I . Draw jfcl^^mi^ive^CiKle T^^iV^ 

Diameter^-#^£/JV5-/"tke W^^oh^xck JP'it^is the 
ProjediSr pf the /Priind Vefeical of EaJ{iin^\PPyt ; 
the otj^ JViS-i4^lhe^ipie(^W.p£-^e'Gcne^^^ 
dian /^rSo]iimB.lJ!^oim6 wKi<ihJdivides/tfe^ 
the i^em and AV^dtern :Hem -ji^as thefe v^q 

Circus interfedi • each other it K^ht; Angles in the 
Vertex or Zenith^ of. i^Mfl^^theremrfe tt Zenith 

will ibsi^pTojeftcdinto^llte Centei* of thc"Primit^v€-at Z. , 

2. The.E<juin9draI,..js the. nex{/C3frcIe to 'be pro- 
je6led,v wfTichv..be(^ufe_it is diftant from^the Zenith Z, 
by the 6f I;.aritude 51*^ 5J0'', therefore the Half- Tangent 
of 51^ 3d''^fet from the Center Z to !.<£, gives its 
Interfeflion in the'Diametcr JNTiJ ', and the Tangent 
of its Complement 38^ 30^ fet from Z the other way 
t® /, gives the Center /, gh which the Eqtiinoftial 

^ J? £ is to be defcribed. 

3. The Ecliptic is projefted into two Semicircles,, 
or Halfs," the Nortliefn Half into W-^ E. ; an4 the* 
Southern Half into fFVi E. They ure thiis proJQfted* 
by 'Prob. % and "Theor. 8. Sdc th£ Half-Tarigcnt of 
its Diftance from the Zenith fouchw^rd;. ^\ 2*^ to* 
S ; then fet the Tangent of its eonrplemcrtt 6l^* 
fromjz tQ k^ on 5, JV cpntinued ; on)fe, as a Center, 
and with the Radius {iJ S, defcrii3e'the;'l^ortlvfert of 
tfie Ecliptic PF® E, in.the.famc nianfier^'.by.havtng^^ 
riie Diftance 75^ of tiie' other Sooth' Pare fronithe'' 
Zenith Z, may it be defcribed alfo. *Tbe 
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4* The Ecliptic Semicircles' are d' 
C<^ 3. into their proper Signs, ani 
you pleafe j thus \ let the Primid 
duly graduated, Uien find the Pole, 

VOL. n, I 



1 



1 



fS The fnjeaiOH of the Sphere^ 

Part, and laying a Ruler on g^ artd to each 30^ in"* 
the Primitive, you will 6nd it cut the Ecliptic in the 
Signs ir, V, and f^, ^ ; after the lame manneiL by 
finding the Pole 1, of the Southern Semicircle PTJS Ey 
it IS divided into ^s?', Jf ; and t, m ; and thus' you 
i may very accurately divide each Sign loto its proper 
Degrees. 

5. Thq Hour Circles, ( which all pafs thro* the 
] Poles of the World, und interfeft the Equinoftial at 
. Right Angles ) are next to, l}e drawn. In order tQ 
this, th^ Pole moft be projofted, which is done by 
letting the Hfalf-Tangent ot the Complement of the 
; JLadtude, viz. 38? 30', from :2 to P the Pole requi^ 
red. Then becaufe the Hpur Circle of Six a-Clock, 
not only pafieth thro' the Poles, but alfo interfefls the 
; H6rizon in the Points of Eaft and Weft -, therefore 
j an Oblique Circle pafling thro* the Points ^, P, jB, 
. fhall be, the Hour Circle of 6. Therefore let the Tan- 
, gent of the Latitude ( which is the Complement of 
tthe Pole's Diftance ZP ^$9^ 30' from the Ze- 
nith ) viz. 5%^ 30% from ^ to G, in the Diameter 
A' 5 continued. Then on G, with the Radius G P, 
defcfibc the Cirde D UTP EF^ and this ^all be the 
Hour Circle of 6, as recjajred. Let this Cit*cle be now 
looked upon as a Primitive Circle, and draSv the Dia- 
meter J)(yF^ which in this Cafe will be the New Pro- 
ieAion 6f the Equinoftial, and cpnfequehdy by^dng 
the Tangents of 15^, 30*^, 45^, (^c. each way fronrj 
the Center G, to>7ards U and F, the Hour Circles 
may 'be all defcribed here asffiey were in the forego- 
ing Projeftlon ; as is evident by viewing the Scheme 
only •, ihofe Parts which belong to the ProjegHonT 
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6. The Tropics, and other Parallels of Declination, 
arc all draWn by Pfob. 7. Cafe 3, However, becaufe. 
it may happen that fome may have occafion to dcfcribe 
the Parallels of every Degree of the Sun's Declina- 
tion, and it being tedious fo to do without the Help of 
Tables, but eafy thereby ; I have here adjoined the 
following Tables for that purpofe. 
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6o The ProjeBim of the Sphere 

7. The Conflraftion of the Tables of Interiedtions 
and Cancers is evident from the following Scheme* 




B 



Let the Inter feftion and Center of the Tropic of Ca- 
pricorn be to be found, for Example. 

Defcribe the Primitive Circle JZHNfov the Sbl- 
ftitial Colure ; crofi it with two Diameters JH^ the 
Horizon, and Z N the Prime Vertical •, then draw 
the Equinoftial \/E L ; and from the Chords fet 23® 
30^ from JS to yp, and draw VI », whidi will be the 
Diameter of the faid Tropic. Then ( fuppofing the 
Eye in the lower Pole jV, or Nadir, of the Horizon ) 
this Diameter will be projedted into the Line/F, by 
^£Grem 2. Alfo the Point Z is projcfted into C ; 
the Point wintp/j and the Point n into Pi but 
fC is the Half-Tangent of Z MP = 51^ 30' + 23^ 
^o' = 75<' ; therefore the Half-T^ngcnt ot 75** (that 
15, the Tangent of 37^ 30') fet from Cto/, gives 
the Point of Interfedion f. ^ow the other Part C F, 
is the Half-Tangent of the ArchZi/JSr= 90^ + 
62^ =: 152^ ; But 

The Half-Tangent of 152^ s= C-Fsk 4016.78 

And the Half-Tangent of 75^ = C / = 7673^ 

Thefe added, make the Dia^ieter //^ = 477810 
The Half of which is the Semidia. £/« 238905 

Fpomi 
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•* • • " — -^— ~— — ■ • I 

From that Scmidiamecer — -^Z = 238905 
,l9ub*nift ^ * ^ C/«g i^rit 

There will remain —* C £ = 162173 

Or the Tangent of the Diftance cf Ac Center csff Ca* 
pricom C E from the Center of the Primitive ; ' boc 
162173 is the Natural Tangent of 5^^. 10', tbe 
Numbers in the Tkble. 

8. Wherefore the Half-Tangent of 75* let off from 
die Cfenter Z f in the Projedion ) to rttf fbint -«, 
gives there the Point of Interfe<3tion ; and the Tan- 
gent of 58^ 20', fct off from ti the other way, will 
find the Center, on whidi to defcxibc riit Tropic of 
Capricorn B^ A\ and thus by the Half-Tjngjmts 
of the Numbers in the Table of Jnterfcftians, andT" 
Tangents of the Numbers in the Table eft Centei-s, 
you may foeedily draw any Parallel of Dtdination, in 
tiiis Projection. 

9. In this Projedion the Parallels of Altitade, or 
Almicanthars, are all Concentric Circles, or Parallel to 
the Primitive. And the Azimuths are all ftmighc 
Lines, or Radii, drawn from the Center Z to the Dt- 
vifions of tlie Primitive. The Cirdts of Longimdc 
are all Oblique Great Circles (paffing thro' the Poles 
of the Ecliptic ) in this ProjecStion ; but tliofc Circles, 
with others, ^e all omitted, to prevent Confufion, and 
as bcingJsfi necc/3&ry than others. 

ID. This Projedion of the Sphere on the Plane of 
the Horizon, is of the latl Importance in Dialling ; the 
whole Theory thereof depends intirely hereon, and 
none can igive the Tlatjonale of ^his tJalcul^ions, m 
this moft curious Art, without <luly undcrft^nding the 
Doftfine of Prajc'(3ion j *s will appear forthcr on. 
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in. T9 frqeB the Sphere- d» the Plane o/the 
Ecliptic. 

1. Draw the Primitive Circle WNES^ to repre-^ 
fcnt the Plane of the Ecliptic, and divide it into its 
Signs, and each Sign into its proper Degrees^ , Then 
crofe it with two Diameters W E^ NSj which will 
be the Projedkion of two Circles of Longitude •, for 
thofe Circles will here be Right Lines, or Radii,- paf- 
fing thro* the Center C, the Pole of the Ecliptic. 
Note, N is the Norths S the Soulby E the £^, and, 
i^the fTeft Points of the Ecliptic. 

2. The Equinoftial will here fall towards the South, 
for 'tis the Northern Half of the Ecliptic that is ele- 
vated above the Equinodlial ; and of confequence, the 
Southern Part of the Equinoftial ( with regard to this 
Pofition of the Sphere ) that is elevated above the 
Plane of the Ecliptic : Wherefore as it is elevated 
but 23® 30^, the Half-Tangent of its Complement 
66^ 30' let from the Center C fouthward to JE^ will 
there, give the Point of Interfeftion -, and the Tah- 
gent of 23^ 36' fct Northward from C to e, will find, 
the Center ^, on which it is defcribed, as fFJE E. 

3. The Pole of the World in this Projeftion is ele- 
vated 66^ 30', above the North Point iVof the Ec- 
liptic ; therefore the Half-Tangent of 23^ 3c/ let 
from C to P, will there Ihew the Pole. Now fince 
the Hour Line of 6, paflcth thro* the Poles, and alfo 
incerfefts the Ecliptic, in the two oppofite Points V, 
and :£^, therefore the Tangent of 66*^ 30' (the Com- 
plement of C P =s 23^ 30' ) fet from C Ibuch wards 
to /?, will there give the Center, on which to delcribe 
the Hour Circle, or Meridian IFP E ; and by draw- 
ing the Line DRF normal to NS R, and letting off 
the Tangents of 15^, 30', 6?f- from R towards Z), 
and jP, continued out each way, all the other Hour 

Lines, 
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Lines, or Meridians, may be drawn juft as in the laft 
Projeftioh on the Plane of the Horizon. 

4; Afer the fame Manner as the Equinoftial was 
defcribcd, may be defcribed the Horizon of London 
1V0 E \ for the Northern Part of the Horizon being 
elevated above the Southern Patt of the Ecliptic 62^ j 
therefore the Half-Tangent of its Complement 28^ 
being fct from C to O, will there givt the Point of 61- 
feritaion -, and the Tangent of '6^** fcdng fet Nortib* 
ward from C, in the Line S TV* continued, wiH find dw 
Center, on Which is defcribed the Horizon WOE. 

5* The Tropics of Cancer, and Capricorn ; the 
Polar Gincles, and all other Parallels of Declination, 
are to be drawn by Prohkm 7, Cafe 3^ ; as being all 
of them Parallels to the Oblique Equinoftial Qrcle 
Ji^jE E. By the fame Problem, may all the Alma-» 
canthers bc-drawn. 

6. If you find the Pole of the Horizon, you may 
thro* it draw all the Azimuths, in the iame manner as 
the Meridiaife #cifie^ defcribed. ^ 

7. The CSr^lcs of Lorigimde idil here be all Ri^t 
Lines, or piameterii pafiing thro* the Center ; and 
the Circles of Lartitude, will be^atf pafiallel to the Pri-P 
m'ttive, and Concentric thcrcwidi. Hence the Stars 
and ponftellations, by thcfa- Latitude and Longitude, 
iii.iy« very conveniently be reprefenoji in dm Pro^ 
jedlion. 
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IV. The i^rojcGtion of the Sphtre on f^^tldm 
of the EquihoaiaU 

1. Defcrlbe the Primicive Circle ff^NES, to re- 
Erclent the Plane of the Equinodtial % and crofs ii 
with the two Diameters Jf^E^ iSTS, which arc here 
the Projeftion of thofe two Hour Lines or Meridians 
which we call the Equiiioaial and Solftitial Colures. 

2. AH the other Hour Circles, or Meridians, an 
here projcfted into Right Lines alfo, of Diameters 
pafling thro* the Center P, \rtiich is the Pole of th< 

. Equinoftial, and interfering the Plane thereof at Righ 
Angles in the Primitive ; where they there point ou- 
the Hours, i, 2, 3^,4, fcfr. Thus this wi^l be ai 
Horizontal pial under the Poles of the World. 

3. All Parallels of Declination are here^ defcribec 
by the Half-Tangents of their Diftance from the Pole 
or of the Complenlent of their Diftance from the Equi 
noftial : And thus with the Half-Tangertt of 23^ 3c 

Su defcribc the Polar Circle Leowy arid with th< 
alf-Tangent of 66^ 3c/ is defcribcd the Tropic o 
Cancer 9 A^ S. 

4. As i;he Northerh Part of the Ecliptic is elcvatec 
above the Equinoftial ,2 j^ 3<y v and alfo intcrfefts i 
in the two oppofite Points }P[ E ; therefore this Ihal 
be a Great Oblique Circle in this Projedion ; and wil 
fall between P^ 5, ( in the Northern. Hcmifphere) a 
the Circle /PsJ? ^ arid is |ft'o|edbtf by "Tbfyreh 7 
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5, The Point 1^ is the Pole of fhe Ecliptic 5 for it 
Is 23^ 30/ diftant from P, the Pole of the Equi- 
nodial ; and becauie all Circles of Longitude pafs 
thro* the Poles of the Ecliptic, and interfed it at 
Right Angles \ therefore they will be all Oblique 
Circles here ; and m^y be dniwn in the very fame 
manner as the Meridians were in the lalt Frojefbion \ 
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yea they will be the very fame things here, as the Me- 
ridians were there. But ( to avoid confufion ) I have 
drawn only one TFL E j which is to be reckoned as a 
Primitive to the reft. 

6. The Ecliptic here is divided by laying a Ruler 
from its Pole Z to every other Hour, X, VIII, 6?r. 
in the Primitive ( the Diftance being 30° ) and it will 
interfe<a the Ecliptic m the Points v, V, 3ti S, ^, 
W, ft. 

7. To Projeft the Horizon of Londonj Latitude 
51^ 30, it muft be confidered, that *tis the Nor- 
thern Part, or half of it, that is elevated above the 
Equinoftial on the North ; and becaufe the Eleva- 
tion is 38^ 30', and it cuts the Equinoftial in the 
Points of Eaft and Weft, as /?, ^ ; therefore it (hall 
be a Great Oblique Circle, whofe Center will be in 
the Line of Meafures .NS ; and is defcribed by 
Prob. 8, Theor. 7 ; and is here reprefented by the Cir- 
cle IVO £, falling between the Center P, and the 
North Point N, of the Equinoftial. 

8. Set the Half-Tangent of 38® 30' from P to Z, 
fo fliall Z be the Pole of the Horizon ^O £, or Ze- 
nitb of London •, through which all the Azimuths muft: 
pafs, and they may be drawn by Prob. 8. Cafe 4. Of 
thefe I have drawn only one, viz. the Prime Vertical 

frzE.^-r 

9. As jtf {Ijjs Projedion, all the Parallels of Decli- 
nation arer^cdmpteait Circles concentric with the Primi- 
tive ; .lb di1f*the reverie, the Parallels of Altitude, or 
Almacahtliirs, are deficient, many of them 5 and ail 
Oblique, as oeing Parallels to the Great Oblique Qrcle 
tf^O Ey the Horizon '; and might, be drawh by Pro- 
hlem y.Cafe 3, v.. \ 

10. The fixt Stars, ijti^l^vbg^^^ in this, by 
having their Declinationi^^^fit Afcenfions, which 
may be found in Books of Xftronomy, For wher^ 
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any Meridian of the Star's Right Afcenfion, fuppofe 
fyp=: 30^ intctfcas the Parallel ot its Declination, 
as vf 25 5 = 23^ 30*, there will be the Star's Place. 

V. To projeff the Sphere on the Plane cf the 
Tropip e?/ CapricoTBt 

1, Pfaw Ae Eqmnoiaial Girded V SitSi ; and 
haying fitted the Softer to d^ Radius thereof P'-^, 
tajtp the Half-Tajigent of 90 + 23® 30' = 113^ 30' 
(or Tangepc 56^ 45') and fcttting one Foot of the 
Qji^pfifl^iatibe Center or Pdle P, with the other de- 
fprijjfs die Circle tFMESy whick flaall be the Repre- 
ipntaoon of the Tsopic of Capricorn, in the Plane of 
^ ProjeSipq. : 

2, Crofs thip Equmoiftial with two Diameters jE ^ 
Y kir, Bpd defcribe the Ecliptic* the Horizon, and o- 
ther Circlds here, juft as in die laft Projeftion, refpeft- 
ipg t^e Equiiio^ialhere ( as it w^ diere ) as the Pri- 
QVtiv?.; ^nA ^prjdnioe them all till diey arrive to the 
^r^ic, . or omraq(}t Circle of the Prqjedliori. 

' g. The; pifl^rwce bet?ween diis and the lafl: PSro- 
ip<^pn, does confiil in thefe three Thbgs. Firft, The 
fame Circles which there terminated m the Equinoc^ 
Oal, are here- continued beyond to the Trotric of Ca- 
pricorn. Secondly* There only epeHalfor the Eclip- 
tic could; be dta^wn, but here the whole Circle of the 
jp^cliRtic is exhibitejd > and dividfed as before. Thirdly^^ 
In tlwtf . Scheme only the Prime Vertical was drawn, in 
thi$ al| tihe Azimuths are dr^wn^ inftead of the Mtrir 
dians, which are here negleAed. So thw pb mow 
nei^s he l^id conGeming ttm Projection, in JN^ti^ar. 

4.- In all thefe ProjedUons^ the Readei: is to oblerve,f 
That Regard i$ h^d to the Sphere^ as reified to the 
Laticqde and Longitude ofLondtm. I fpe^ thisv be- 

caufe 
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cadft the Reader may oUeive at Difieretiee ki the Pofi- 
tioiTiof thcHot^izoR in- Adir t#o litft J^jeaidiis (tf 
xnine, and the &ne in other JbiHttsti « a« HMrriii 
Ubmuf^ fie. Their's beii^projefted on the ikme 
fidevithtteEdiptics fbr the Limtude indeed of 51* 

.' 30^, but 
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30V but not fer" the Longitude of London ; but mine 
\% for- both, ^nd therefore is projefted on the contrary 
Part towardstW North, agreeable to Truth, and the 
Reality of the' 'thing. 

t^I. To prc^tS the Sphere on^theVhnt of a 
Great Cii*Clepbliqtie to the Horizon. 

All thefe Grw Ch-clcs that are oblique to the Ho- 

rizon,'are fuch {>s in Dialling) we call Reclining 

Planes % and "as'^ll Great Circles of the Sphere are 

Horizons iri fome ftfts of the World or other, ^fo all 

' thpfe Planes, .p| which Dials are made, are HorX- 

;^idntal Df^k Wfefee particular Part of the World. 

r ; Sbppofe thefili^ that in the Latitude of Lmdon 51^ 

*^J|, the Side of 'an Hoiife fliould decline from the 

Scftith WeftwaW24^ 2o',and the Roof thereof (which 

' jS in the Plane of a Great Circle oblique to the Hori- 

*'ion) fhould T^dine;from Qie Zenith northwards 36^ 

^ pp\ Now I \V6uld know in what Latitude, and how 

'much piffeAigin Lcmgitude, 'that Part of the World 

is9\il^ which tfife oblique Plane will be an Horizon- 

fef Plane. In drdcr to difcover this by Projedtion, 

proceed thas'^ 

1. Defcribe the Primitive Circle HLOD, to re- 
pfdent this Oblique or Reclining Plane. 
- 2.' Draw the two Diameters HO, L D^ eroding 
«ch other Ut Right Angles in ^ , 

^ 3. Set theHalftXangent ot 36° 00', the Plane's 
Reclirvitipn, from ^to Z ; fo ftiall Z be the Zenith 
of London^ as ^ is of the Place enquired. 
. * 4. Set the Half-Tangent of 54^ 00', ( the Co-iccli- 
hation) from ^to R \ fo fhall R be one Point thro* 
yhich the Horizon of I^ndon muft pals. 

5. Then thro' the Pofets i/, Ry O, draw the Morir 
j *zoa of London on the Center C, by Prob. 8. 

6. Set 
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6. Set24*'2o*, the Plane's Declination, from the 
Scale of Chords, on the Primidve Circle from Hxoc^ 
from D to e^ and from O to /. 

7. Then a Ruler laid from Z, to the Pomt f, f, f^ 
will give the Points /T, 2?, £ for the Weft, Soudi, and 
Eaft Points of the Horizon of London. 

8. Lay a Ruler from ^to Z, and it will cut the 
Primitive in b \ then lay off 38*^ 28' ( the Co-ladtude 
of London ) from the Cnords from bto d. 

9. Take the Tangent of 54*^ oc' and fct from i^ 
to A*, and draw thro' JSTa Line parallel xoHO^ infi- 
nitely extended, and thereon fet off* the Half-Tang^c 
of 24^ 20^, fix>m K xo M% then with die Tanflent 
of 6s^ 40' ( let the other way fi^om X, on the fame 
Lme extended ) you find the Center whereon to draw 
the Circle Z B M^ which Ihall be the Meridian of 
London. 

10. A Ruler laid from ^torf will cut the Meri- 
dian in P for the North Pole of the World. 

11. Thro' P and ^draw die Right Line N§J\ 
which ihall be the Meridian of the Place fought after, 
and the Axisof the World ; and, being produced, will 
meet the Meridian oi London in ^, the South Pole of 
die World. 

12. Crofs NT zi Right Angles with V X^ and a 
Ruler laid from O to ^ will give the Point -^, where 
the Equino£tial interfefts the Meridian of the enquired 
Place. 

13. Thro' Vy /E, and X^ draw the Equinodial 
Circle, as hath been taught ; which alfo will pafs 
thro' fF and £, die Eaft and Weft Points of the Hori- 
zon of London. 

14. Divide P S into two equal Parts in £, and 
draw jE G at Right Angles thro' the4a]}ie ; extending 
it infinitely make P E Radius, arid lay off the Tan- 

• gents of 15^, 30^, 45®, &fr. both ways from E on 

the 
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the Line E G v and thus you will have the Centers of 
the Hour Circles to be projeAed ; which when done 
your ProjeAlon is finiflied. 

15. Now to find tlie Rcquifites, take ^P in your 
; Cpmpafles, and meafure it qb a Scale of Half-Tan- 
oents, and you ^^ find it equal to 72° 34' whoie 
Complement PN^ or ^JS% is ijr^ 2& 5 and that is 
the L^tude in y4uch this Reclbing Plane will be an 
Horizontal Dial 

' 16. ta^y^ lay a Ruler from P to a^ ajaid it will 
€ut th^ Primitive in b ; thd» fh meafured oi> the 
Chorda wSJ be found 14^ 41 ^ equal -dB'^, the Dif- 
ference o£ Longitude requkod^ 

Therefore a Plane daJining 24^ 20*, and Redi- 
ning North 36® 00' in the latitude of X^»i?;», wiH 
be an Horizontal Plane in the Latitude t;^ 26% and 
Difierence of Longitude from London 14^ 41V which 
k about Cajfena b Ne^dand. 
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CHAP. VII. 

Theorems for the Explication of the Doc- 
trine of Spherical Triangles, and th^ 
Manner of their Solution. 



A 



Theorem I. 

• - 
N Y two Great Circlc« of the Sphere mutually 
bifcd each other. 



Demonftration. 

For fince one Great Circle — — JBC^ 

hath the Center — — — D, 

in common with the other Great Circle — A FC\ 
therefore the common Seftion - AC^ 

fhall be a Diamete;r of each ; and {o will cut them 
into two equal Parts. ^ E. D. 

Theorem II. 

If from the Pole 5, of any Great Circle AFCj be 
drawn a Right Line B D, to the Center thereof, the 
faid Line will be perpendicular to the Plane of that 
Circle. 

DetwrnftriUm. 

Let be drawn the Diameters •— EF, GHj 

n the Circle — ^ ^ AECF% 

.^ > ;- .1 Then 
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then becAufe in the Trian^ -r- BDF^BD E; 
the Sides — ~ — BD.BF^ 

arc equal to the Sides — BD^ DEj 

andtheBafe — — ^ fiF=fi£; 

therefore fhall the Angle — BDFszBDE^ 

and fo each is a right one ; thus it is demonftrated that 
Angles — — BPG, BDH, 

aje rigltf ones *, and fo is die Line , ^»^ B Dy- 
perpendicular to the Plane of the Circle AEC F^ . 
by EucUd 1 1- Prop. 4, ~ -* ^ £. D. 

Theorem III. 

If a great Circle. £ 5 F». be defcribed about tjie. 
Pole a\ then the Arch B F, intercepted between, 
AB^ AF^h xht Meafure of the Angle BAF^ or 
BDF. 

* Demnftratm. 

By Theorem 2, the Angles — ADB^ADF^ 
are ri^ ones ; bccaufe the Archer : : A By A F; 
are C^drants ; Confequently the AngU,. B l> F9 
( whofe Meafure is the Arch — * 5 is ) 

is equal to the Inclination ^th&PUtles ABC^ AFC ; 
and fo equal to the Spherical Angle B A F^ or BCF^ 

Corollary I. 

Becaufe A By A F^ arc Qaadrants, -^ (hall be the 
Pole of the Circle pafling thro* the Points 5, Fj for 
^is at Right A^igles to the Plane F3B, by Eu^ 
did II. Proi. 14. 

Corollary IL 

The Vertical Angles are e^ial ; bciog each ^qual. 

to the Inclination of the Circles i alfo the adjomina^* 

y Q^. II. L 2 An^ 
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ADg^ ftre b^ttl to two R^h| Angles, the Meiifore 
of both beu% a Semicircle. 

Theoreat IV. 

Thofe Triahgte %Mc9i faavi; tt^d Side^ and M An^ 
gk ihcKided in e^e Triangle, equal to two Sides and 
an Angle indaded ih the othdr THattgle^ i»% equal 1:0 

each other. ^ 

Theorem V^ 

Alfo thofe Triangles are eqaal, when one Side with 
the Adjacent Angles in dhfe Triangjfe, ate equal tq 
6kc fidte and. its Adjacent Angles, in the other Tri- 
aligtes. ^ 

Tiiio*tM Vj. 

Trikngks, which att ihodttdly Equilatemi^ iafe alfii 
tnutually fiquiafigolarv 

In iicfceks Triangles the Angles at the Bale are 
equal ; t?, e contr^. 

:. .Thisoaum ;Vj9I\i 

Any two &dm oi ft Triangje^ are tqgjsdiqfr gre^^ 
than the "Third Side. 

N. B. Thefe Ffore Tli«oreqjs. ^ mentioned, are 
demonftrated after theiame Manner as in Plaiq Trian- 
gles ; as bfcing cbntmott tb l^ Plain attd^^heiical 
Triangles. Sc^Ptirtt 



Theorems (f Sfiferical TrigoH»meffy, ff 



A Side *)?« Sphcricat Triangle js Jfeft thaji * Setri* 
circle. 

Demmftratm, , 

Let the Sides- •*-. ♦*- AC, Ah^ 

ofthcTrUngle — -*- wrf^C» 

be prbdtH*d till they meet in — -^ • 

N(W the Greateft Side — AC^ 

is lefi than the ^ack »**- " ^^ AD, 

which is a Semicircle. — < ^E. D. 

Thfe thtte Sides 'of » SfJh«rfiieal 'Prittigte* a» toge. 
difct kfe Aan a ^/ylibk <::irde, 

For the Sides — — P5 + DC, 

are greater ( ^theorem 6. ) than — « B C ', 
and iidii en >each fide" — . U ^ + il C, 

ydu WiJl havfe the Wholfe CSrcfe DBA-^DVA, 
^ greaW Aan the three Shtes AC-^Ab-^ B'Ci 

of th* t'riangle- ' — — ABG, 

- Theotii.m ,XI, 

\ti »fiy Spherical Triangle, the pfeaWr Anjgje k 
fillitaidea by ^ Gtdntx Sde. 

. , Demonflratiou, 

Make the Aflgje • -- '^ B AtOit'B ; 

-' " " a?^d 
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and fo die Side — BC 


:=D^+DC. 


But die Arclies — — 


BA-^-DCy 


are greater dian the Side — 


ACi 


Whertfore the Side t« 


BC, 


>f7hich fubtends the Greater Angle - 


' BAC, 


is greater than the Side — . 


AC, 


which fubtends the Angle — - 


B: 


Thus it is .proved greater dian 


- AB, 


\7hjch fubtends the Angle -— 


C. 




^E,D, 


Theorem XII. 





In any Spherical Triangle AB C, if th^ Sum of the 
Legs, J J5, and B C, be Greater^ Equal, or Lefs, 
than a Semicircle ; then the Internal Angle at the Bafe 
:^Ci vm. the Angle 4C B^ will be Greater, Equal, 
or Lefs, than the Externa) and PppoQte Angle BCP\ 
and fo the Sum of the Angles ^4* ^^ ^9 ^^U be 
Greater, £(]|ual, or Lefi, than two Right Angles* 

DetAonJir^tion. 

T. Let the Sides -. AB^BC^ 

be greater than the Semicircle r-* JB Dh 

dien (hall the Side — » r-? iS C, 

be Greater than the Arch ^— P D i 

and fo die Angle — — D = A, 

ihall be greater than the Angle ^-* BCD. 

2. Let the Side? rv' ^ JB-^ BC^ 
be equal to the Semicircle — ABD\ 
then wjU the Side — — BC:rT.BP\ 
and fo the Angle ( by ^theorem 7) pCD^D=iAi 

3. Laflly, let the Sides — AB-^-BC^ 
be leis than the Semicirde ^^ AB D i 
then will tl|e Side 1*1- — J5 C, * ' 
be Icfi than the Arch p- — fiV \ 

an4 
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and therefore the Ande -^ D ±z jL 

ihall be lefs than the Angle ^ BCD. 

Now becaufc the Andes — BCD^BCA^ 

are equal to two Right ones ; if the Angle A^ 
be greater than the Angle •-* BCDj 

then (hall the Angle — * if -f J3 C if, 

be greater than two Right Angles. If ^ s BCD^ 
then (hall the Angle •-* J^J^BCJ^ 

be equal to two Right Angles. But if Aj 
be lefs than the Angle •^ BCD % 

then ihall the An^ — A^ BC A^ 

be lefs than two Right Angles. — • ^E.D. 

Theorem XO. 

In any Spherical Triangle G HD^iht Poles of the 
Sides being joined by Great Circles, do conftitute an 
other Triangle XMNy which is Ae Supplement of 
the Triangle G HD ; to wit, the Sides JV-X; JTAf, 
and NMj (hall be Supplements of the Arches that 
are the Mealures of the Angles D, G, i^, to die Se^ 
micircles ; and the Arches, that are the Meaiiires of 
the Angles Af, JT, N^ wiil be the Supplements of the 
Sides GHy GDy and H D, to Semicircles. 

Demon/lratm. 

From the Angular Points »— G, Hj D, 

as Poles,.defcnbc the Great Circles XAfT^TOyXBZi 
then becaufe die Point •— Af, 

is the Pole of — — GH^ 

thcreferc.the Aith -^ — Af /T, 

is a Quadrant ; and (b aUb is ^^AX: 

Add on both Sides the Arch — Af -^, 

and we (hall have — ^ AW^MX^ 

and their Supplements — 3^Af :st AC:, 

which is the Meafure of the Angle p-* G. 
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In th? f^oe ^fantlel:.we prove -n** }f2 ai^.K» 

the N^$in(oftiie Aiigl« -n* D. 

iyfobdc^e -(fc. — AfO. ivr, 

are Qua(Jraii» j. >?% bajife iWP+M'»*0?H-iVK4 

a Sejo^^iQir^c i andlb -i^ . -m^ iyr^^ 

is i^e. S^p^Mjent o£ the Arch *^ Q% 

wM«t^Me#re.Qfti|^..^VM(i» w^ G^A 

HpRcetJiei^tke Arches.. — WC, ^M^ mfy 

aretheSyppleiT«illlS=pftbiff^hfl»: t- 

the ^^f^Q^ of the. Angles •m 

»i^eQt?r kci?^ufe _.>— ^ 

are Qu^rsBts v therefoc^r -^ 

make a Semicircle ; Whence •- 

( the Meafure of tbn Afi^ «r<i 

is the Supplement of the Side 

tp » S?giif jiphj ',, ti»is •,** 

( the Mfie^ df tiaie Aflglf, *-* 

k piwwi ^. Si^j^ewetjt «jf tl)9 Si4e. 

a^d the Arch tt- -r-> 

^ thf M«»fnre of the Ai^fe -^ 

is t^« SPl^lcQienfi ^ tbi: S(te "^ 



NXM) 
' HD, 
OQ ' 
XMNX : 

GIf. 



Ce^D^kAUfi 



Hence if the three Angles (?; H, D, of a Sphericat 
Triangle, bg known, the threpSkia NTy %My w4 
j^ri)£.oftb^1>iaog^t,^jr^f^ am aUb kaOTm j foe 
*ris proved the SidaiVTsis tho Ai^jD i'and tiw 
Side TAf *s the Angle G % aaAthe Side NM =* tI«S 
SupplemeiKoftha Greateft Angle iiftaiSoS or twg 
JRighi Anglesi . 



'fHM^' 
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Theorem XIV. 

^ny Angle of a Triangle, with the Difference of 
the other two, is lels than two Right Angles ; that is, 
G + H— • D, is Ids th^n 180^. 

t)emonftratm. 

In the Triangle — — NXM^ - 

the Side — — ^ NX, 

is left than the Sides — XM^MN: 

( by ^be&r. 8, ) i. e. Two Right Angles Icfi Z>, 
are lets than two Right Angles left — (?, 
together with two Right Angles lefs . — H, 
fubftradl from each Side — * 180^ 

and add to the Remainder — G ^ H 

and you'l have — -*^ G^H — D 

Icfs than t^o Right Angles, or — *' 180^ 

SU E. D. 

Theorem XV. 

Equiangular Spherical Triangles, are alfo Equila- 
teral. 

Demonfiration. 

Tlleir Supplemental Triangles will be equilateral, by 

Theorem 13 ; * 

and therefore equiangular allb, by Tbeoretn 6 ; 
and, vice verfa, ^eft being equiangular, 
the firft Triangles muft needs be EqUilateraK 
as being Supplements to thefe. . / — ^ E. 1>. 

Theorem XVt 

r 

The three Angles of a Spherical Triangld, are toge- 
ther Greater titen Two Right Angles, and lefs than Six. 
VOL. II.* M Demn- 
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Demanflralion. 

I. The three Meaforesof the An^ks — G, H, Z), 
with the three Sides of the Triangle XNM^ 
make ( by Tbeonm 13, ) three Semicircles ; bat the 
three Sides — XN, XM.MN, 

are lefs than two Semicircles^ by ftbeorem X: 
Wherefore the three Meafures of the i^ngles G, ft D, 
are greater than one Semicircle. — ^E.D. 

2* That they are lefs than fix Right- Angles, is felf 
evident ; for in every fuch Triangle, the Extmial 
and Internal Angles together, make only fix Right 
Angles ; whercfbre the Internal Angles only muft 
be lels than fix Right Angles. ^ £. D. 

Theorem XVII. 

If fp0m any Pwnt of the Sphere's Surface U, not 
being the Pole of the Circle AFCE^ there fell the 
Arches RAyRC,RG,RV of Great Circles, to the 
Circumference of that Circle ; then the Grcatcft of 
thefe is the Arch R A^ which mfleth thro* the Pole 
B thereof; and the Renuinder of it -RO, is the 
leaft ; and thofe that are more diftant from the 
Grcatcft^ are lefs than thofe that are nearer to it ; 
and they make an Obtufe Angle with the faid Cir- 
cle AFC on the Side next td the Greateft Arch. 

Desnonjiraim. 
Bccaufe the Point — — JB, 

is the Pole of the Circle — AFC^ 

then the Parallel Lines — BD^R S^ 

be perpendicular to the Plane '^^ AFC \ 

and if the Lines — lA^SG^SVy^ 

be drawn ; then fhall — S A 

be Greater ( by EucUd^^ Prop. 7,) than S G, 
and this Greater than — 5 F ; 

Whence in the Right Angled plain Triangles 

RSA,RSG,RSF^ 
we 
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we ihall have -— if5j+5y^y, or jR^j, 

greater than — — RSq + ^Gy, or RGq^ 

and confequently the Line . — • R Ay 

will be Gfeater than the Line -^ RG\ 
and therefore the Arch •— R A^ 

will be Greater than the Arch .^ RG. 
In like manner -^ RSq^SGq or RGq^ 

Ihall be Greater than -^ RSq -^ SFq^ qr RVq ^ 
and therefore the Line and Arch — ii G, 
fli^l be greater than the Line and Arch RF. ^E. D. 
' SecofiMy •, the Aiigle — RG A^ 

is great^ than the Right Angle — SG Ai 
and the Angle — — RFA^ 

is greater than the Right Angle ^— BGAi 
therefore the Angles — RGA^R VA^ 

%tt obtufe Angles. — — ^ £. D. 

Theorem XVIIL 

In a Right Angled Spherioal Triangle, die Legs 
containing tht Right Ailgiet are of the fame Afiedion 
with the 0{^x)rite Angles \ ihtit is, the Legs are 
greater or lefs than Quadrants ; as the Angles opposite 
to them, be greater br lels ^an Right Angles, 

Jiemohjtration. 

Fotif the Arch ~ : ^ Ah^ 

be a (^drant ; then wUl «r«" B^ 

be the Pole of the Circle — AFCi 

swid the Angles ^ ^ AGByOrAVB^ 

will be Right Angles. If the Leg ^ AR^ 
be Isreafer thail a Qndteult t then the Angk //<7 /?, 
Oftll be 9tater ^^ A Right qod, (by "theorem 17. ) 
: Arid^f dicLeg , 1-^ ; ,^ AX^ 
be lefs than ja Qmdtent, the Aag^! .f^ AGX^ 
will be lefi than a Right Angle, — ^E.D. 
YOU II Mz Thio. 
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Theorem. XIX. 

If two L^ of a Right Angled Spherical Triangle 
be of the fame Affcftion f and confequently, the An- 
gles) ; that is, if they be both greater, or both Icfe^ 
than a Quadrant J then (hall the Hypothenufe be lc& 
than a Quadrant. 

Demonfiration. 

In the Triangles . — — ^RV^ CRK 
let the Point — ' -•- F, 

be the Pole of the Leg ^^ J R y 

then will the Arch -r^ /? F, 

be a Quadrant, which is greater than R V^ 
(by Tbeoum 17, ) the tjypothertufc of either Tri- 
angle — _ — A RV, or CRV. 

^.E.D. 

Theorem XX- 

If they be of a different Aflfeftion, thcR Ihall the 
Hypothenufe be greater than a Quadran?:, ' 

I)emonJiration. 

For in the Triangle -r- , -^ ARGy 

the Hypothenufe — " — R G^ 

is greater than the Quadrant -^ *'jR F; 

( by Theorem 17.-) •— : — « i^ E. IX 

' ' — J . ' 

. /' -Theorem XXI. -? ; 

• ■ .. •' .4 /•'.." 
If the HypotTieniife be left tfian'a Quadrant, then 
ihdll the Legs of ..the Right Angk, and the Angles 
oppofite to them, be of - the fame Aiftftion ; > but if 
greater, they will be pf diffireflt ABcfitioB. ■ 

. : Thi^ 
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This is but the Convcrfe of ^eorem 20, and 21 ; 
and evidendy follows from them. . 

Theorem XXII. 

In any Spherical Triangle JB C, if the Angles at 
the Bafe By and C, be of the (ame Afie6Hon, tnui the 
Perpendicular fells within the Triangle ; and if they be 
rf a different Afieftion, the Perpendicular fells with* 
out the Triangle. 

Denun^ration. 

Cafe J. In the firft Triangle ~ jfBCj 

if the Perpendicular — ' — ^P, 

does not fell within, let it fell without, as in the fe- 

<idnd Triangle — — ABP\ 

then thfe Side — — ^ A P^ 

is of the fame Afieftion as the Angle ^— fi. 
And in like manner, in the Triangle — AC P^ 
the Side — -^ — A P^ 

13 df the fame Aflbftion with the Angle *^ AC P\ 
Therrfore fince the Angles -^ ABC^ AGP, 
are of the fame Afteftion ; the Angles ABCy AC B, 
ihal] be of a different Affeftion ; which is contrary to 

tho Hypothefis- — — ^E.D. 

Cafe 2. If the Perpendicular — . A P^ 

does riot fell wichout, let it fell within, as in the firft 

Triangle — ■^' BAC% 

Then in the Triangle '^. '^ ABP^ 

the Angle - — — - 5, 

is of the feme AflfoSbion with die Leg -^ AP : 
Alio, in the: TriaiJgie -^ ^ ACPy 

the Angl^ — — — C, 

js of the fame Afic^ion with the Leg A P ; 

^i I an4 
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and therefore die An^cs *-• 5, C, 

are of the fame A^£tian ; which is contrary to the 
Hypothefis. — — ^E. D. 

Theorem XXIII. 

In the Spherical Triangles BACy BHE^ right 
angled at A and H^ if the fame Acuoe Ai«le B. be at 
Ac Bafi BA^ or B Hy then the Sides ot the Hypo- 
thenufes, (hall be proportional to the $tfie3 Ci the Per- 
pendicular Arches. 

Demonjiraiion. 

For the Right Lines — CD, £F, 

being Perpendicular to the lame Plane — B AO^ 
are parallel, j Alfo the Lines ^ PR, D P, 

perpendicular to the Radius — - OB, 

are alfo parallel ; Wherdbre the Planes of^-the Tri- 
angles — — EFR,CDP, 
are alfo pantUel ; ( by Euclid 15, Prop. 15. ) 
Hende the common Sedions of thofe Pknes^ C P^MRt 
mth the Plane paffing thro' — B E^C 0, 
will be parallel, ( by EucHd 11. Prop. i6. ) 
Therefore the Triangks — CDP.EFRi 
IhaJl be equiangular. Hence -r* C P^ 
the Sine of the Hypothenufe — 5 C, 
is to. — — . — ^ C i)i 
the Sne df ^^ Perpendicular Aitfa -«^ C A^ 
in the fame Proportion, as -^ ER^ 
the.Snc of the Hypothenufe — - 5 -E, 
is tp "^ — -sp^ EF^ 
theSineof the Perpendicular Arch '-^ EH^ 
That is in fh^r^, wi QP iCD :iER: EF, 
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^^ Theorem XXIV, 

In the (ame Triangles, the fame things being fap- 
^ pofcd ; The Sines of the Bafcs are proportional to the 
Tangents of the Perpendicular Arches. 

1^ Denwnfiration. 

•^ As the Above Triangles — CPD^E FR^ 

* were demonilrated to be Equiangular ; fb alio the Tri- 

^ angles — ~ ^AI.KHC, 

are demonftrated to be equiangular. Whence we 

have ^ — ^A.AI.iKHiHG. 

^E.D. 

Theorem XXV. 

In the Spherical Triangle ABCj right angled at A^ 
as the Coiine of the Angle at the Bafe £ : is to the 
Sine of the Vertical Angk AC B:: lb is the CotRm 
of the Perpendicular ^C : to the Radius. 

Demonftration. 

PnxJuce the Sides — - ABiBC^CA^ 

till the Arches — SE,BF,CI,CM^ 

be Quadrants i and from the Poles JB9 and C, 
drawthe great Circles ~ EFG, IHG-, 

then ^1 the Angjes at — £, i% /, /f, 

be Right ones ; and fo — Dy 

is the Pole of the Circle — B A Ey 

and the Point •— — G, 

the Pole of the Circle — IFCBi 

Alfo die Part — -- AE^ 

is the Complcnicnt of the Arch — B A, 
and the Arch — — FE, 

is the Meafurp of the Angle — ■ J? sb G D 5 * 

and 
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ancL their Complement is — D F \ 

alfothcArch — — BC = FIy 

fliall be the Meafure of the Angle — G, 
and their Complement — C F ; 

Likewife the Arches — CJ= HD^ 

and their Complement — DC. 

Thefe Things premifed, in the Triangles HICs DC F, 
Right-angled at * — 7, and F, 

and havmg the lame Acute-angle — C ; 
fince the Arch, ( or Baft ) — 5 -4^ 

is lels than a Qiadrant i 'twill be^ s DF: s HI: i 

f sDC:sHC. 
That is, as the Co-fine of the Angle . — 5, 
is to the SJKic of the Vertical Angle — JCB^ 
fo is the Co-line of the Perpendicular — A Cj 
to the Radius. / — r - — ^ E. D. 

Theo^r^m. XXVL 

' -'^ 'I 
The Confine of the Bale : is to the Co-fine of the 
Hypothenufe : : as Radius : Co-line of the Perpen- 
dicular. 

Denionftration. 

For in the Triangles — AEDyC FD^ 

Right-angled at _ ' — . Ej and F, 

having the fame acute Angle — JD, 

becaufe the Arch ( or Bafe ) — AE, 

is Icfs than a Quadrant •, We have sE A : sCF ii 

sDAisDC. 
^KD. 

Theorem XXVIL 

The Line of the Bale : is to Radius : r as the Tan- 
gent of the Perpendicular : k to the Tangent of the 
Angle at Bafe. 

Demons 
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, Dmrnftratm, 

in the Tmmgles -^ 5^^ 5 £ ^ 

R«ht-anglcd at - ^, and £, 

and haying Ac (ameacute Angle -- », 
becaufe the Arch ^ ^C, 

tt fcfi than a Quadrant j ^ have, s6J : sBEzi 

tACitEF. 

Theorem XXVIH. 

The Co-fine of the Vcrdcal Angle s Radius : : Tan- 
gent of the Perpendicular t Tangent of the Hypo- 

DenMtftrakn. 
foAe Triangles — — GlJf,GHl>t 

Right-angled at ^ — lindF, 

and having the fame acute Ai»le ^ G ; 
pecaufc the Arch — . — ffj) 

M fefe than a Quadrant, we have sGHisGt 

i : tHD : tIF, 
^ ^ ^E.D. 

Theorem XXIX. 

The ^ Of the Mypothenulc 1 is to Radius i : Sine 
of the Perpendicular : Sine of the Angle at Bafe. 

Demfi/tratm. 
In Ae aforefiid Triangles — G t F, G Hi) 
'^ ^^ — sIF : sGF :!sHD: sGD, 

^E.D. 
THiOREM XXX. 

gAe Vertical An^ : C^Tarigent of the An^ aJ 

\ 
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— — 

Demonjlratiott. 

In the Triangles ~ HlC.D FC, 

Right-angled at — — /and F^ 

and having the fame acute Angle — C ; 

bccaufe the Arth — — -^ -^> 

is lefs than a Quadrant, we have sCl i s C F 

::tHI:tDF. 
That is, i— — RwcsBwtCiclB. 

^ E. D. 

^ Theorum XXXI. 

The Cofmes of the Angles B and D, at the Bafc 
B D, are proportional to the Sii*js of the Vertical An- 
gles 5 C -4, DC J. 

Demonftratm. 

By Theorem 25, we have, csB : sB CA iic sC A t R\ 
alfo we have — csD i sDCA :: csC A : R\ 
therefore we have c sB: s BC A : c s D : sD C A. 

^E.D. 

Theorem XXXIL 

T^he Co-fmes of the Sides — BC^ DC, 

are proportional to the Co-fincs of the Bafes BAy DA, 

DemonJlraftGn, 

By Theorem 2(5, we have csBC :c s B A: :c sC AiR. 
Alfo by the fame we have csDC :csDA::csCA:R. 
Therefore we ftiall have csBC :cs BA::csDC:csDA. 

'^' - -^ ■ ^ Theo- 
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Qjj: Theorem XXXIII. 

*" /' The Sines of the Bafes B AyD A^ are in a reciprocal 

^ ' Proportion to the Tangents of the Angles B and 2)> 

?^'.. at the Bafc B B. 
I li- 
lt d- Demonftratlon. 

,^^'* By Theorem 27, we have sBA : R :: iAC \ tB \ 
• ^' and by the fame inverfcly fi: sB AiitDit AC. 

Then it will be, by Equality, of pcrturbatc Ratio, 

sBAisBAiuBuB. 

See Euclid 5. Prop. 23. ^. £. D. 

thcl 

^^' Theorem- XXXIV. ' 

The Tangents of the Sides S C, D C, are In a recin 
procal Proportion to the Co-fines of the Vertical Ax]m 
/• gles BCAyBCA. 

J'" 

,j)[ Bemonftration, 

By Alternation of^eorem 28, tBC :R:: tCA: csBCA 

And by the fame, we have R : csBCA :: iBC :t CA. 

Wherefore, by Equality of Perturbate Proportion, 

tBC : csBCAiitBC.csBCA: 

J ^E.B. 

J' 

Theorem XXXV. 

/' The Sines of the Sides BC^BCj are proportional 

i'' to the Sines of the oppbfite Angles 2), and B. 

fj). 



Hemonjiration. . . - 

By Hyeorem 29, we have sBC : R : T sCA : sB. 

[*' And by Inverfionof the fame, R: sBC :: sB : s€A 

VOL, 11: N 2 Whcn^^ 
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Wherefore, by equality of Pcrturbate Proportion 

sBC isDC : :sD:sB. 

THEORrM XXXVI. 

Jn any Spherical Triangle ABC^ the Re6btnglc 
C FX AE^ or FAf X A JB, contained under the Smcs 
of the Legs BC^ B Aj is to the Square of Radius, as 
ILy or 7^-— L Ay the Difference of the vcrfed Sncs 
of the Bafe C A^ and tiie Diifereoce dt the htg^AM^ 
V> G N9 is vierled Sine of the Angle B* 

Demonjiration. 

Let a great Circle — ^^ P N9 

be defcribcd on the Pole •— 5, 

and let be (>iadrants — JB P, and fl Ai 

^nd then Ibdl — — P iV, 

be the Mcafure of the Angle «-^ B. 

Alfo from the lame Pole — <• 5, 

dcfcribe a leffer Circle — CFM\ 

Then Ihalldie Planes of thofe Circles P N,C M^ 
be perpendicular to the Plane -^ BON\ 
and the Perpendiculars -^ P G^C H^ 

fall on the common Sedfcions -r- O iV, FAf, 
fiippofe in the Pbints — Gj Hi 

Again draw •— • — — HI^ 

perpendicular to the Radius --^ A0\ 

and then the Planes drawn through — CH^HI^ 
Iball be perpendicular to the Plane — AOB\ 
Whence the Line — *— AU 

( which is perpendicular to r— HI} 

*riH be perpendicular to the Lin^ — C /, 
( by Euclid II. Def. 4. ) and fo t-* AI^ 

is tne vcrfed Sine of die Arch ^— AC : 

AlfQ tl^e Right Line « ^ A L9 
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IstheTtrfed Sne <^ the Arch AMsbBM-^B J 

_. B c I B.I 
The libfcdes Triangles ^ CFM, PON, 

vt eqwangular, fince MF, NO, and C F, P 0» 
are paralldt (by Euclid 11. Prop. 16. } 
Wherefore if Per^endiculats — CH,PG, 
be drawn to the Sdes — FM,ON, 

die Triai^ks ^ be dh^ded fifflHariy ; and we fluU 
have — FM:ON::MH:GN. 

Alfo becaufe die Triansks AOE,DlH,DLM, 
are equiai^alar, ¥re mall have A E : A O -.', 

IL'.MHi 
But it has been proved that FM: ON:: MH: G N. 
Wherefore it Ihall be> as AE%FM:AO%ON 

'.xJL%MH'.MHyiGN, 
Thatis,as — AEyf^FM: JRq ::I L:GN. 

^. £.2). 

Thzo&bm XXXVIL 

The Difierence of die verfed Sines of two Arches 
drawn into half the Radius, is equal to the Rectangle 
under the Sine of half die Sum, and Sine of half the 
Difference of thofe Arches. 



DemoMfiraim. 




Let diere be two Arches •— 


B E, RF, 




EF, 


let be bi&aed in ^ — 


D: 


Then (hall die Half Sum be — 


BD, 


and the Half Difference be — 


FD, 


of thofe Arches. And — — 


GE^IL, 



is the Diflkrence of the verfed Sines J By LB: 

Now the Sine of |. Sum of the Arches is D K\ 
^nd the Sine of Ithcir Diflfeitnce is — F0\ 
wd bcGiiufc the Triangles — CDK.FEG^ 

are 
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arc Equiangular ; wc have D/T: G£ : 5 CD: FE:i 

Whence it will be DKY. ^F K:=z DKxFO zrz 
GEy^i,CD=z TLX^CDi 
That is — ILy^iCD ^DKy^FO. 

SU E. D. 

Theorem XXXVUL 

The VerTed Sine of any Arch drawn into half the 
Radius, is equal to the Square of the Sine of one half 
of the &id Arch. 

Demonjiraticn. 

TheTriangles -- — C BM^DEB^ 

are equiangular ; for the Angles at — £. ^nd M, 
are Right ; and the Angle at — 5, 

is common : Wherefore E B : B D : : B M : BC. 
And then will ^ EB%BC^BD%BM^ 

and confcquently E BX^^BC = B M%BD =zBMq. 

Si ED. 

Theorem XXXIX. 

In any Spherical Triangle ABC^ the Reftangle 
under the Sines of the Sides JJ C, A B^ comprehend- 
ing the Angle 5, is^ to the Square of Radius, as the 
Reftangle of the Sines of the Half Sum, and Half Dif- 
ference, of the Bafe A C, and Diflferencc of the Sides 
or Legs A M^ is to the Square of the Sine of one Half 
of the Angle B. 

Demonjlration. 

By Theorem ;j6, we have AE X FM: Rq::IL:G if. 
Alfo it will he JE X /' M : Rq :: ILK^R 
. : :GN%iR. " ' 

And 
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And fmce (by ne$rent 37 ) — /LX j. ^, 

is equal to the Rcftanglc of the Sines ©f the Half Sum 

of the Sides — -• l£±.l^/ 

and the Half Difference of the fame JL£rzA^ . 

2 

And becaufe ( hy "Theorem 38. ) — GN%^R^ 

is equal to the Square of the Sine of — i ^B: 

Hence ^£xi^M: Rj : : 5 ^^^±^ X 5 ^^ 

iSq^B. 

Tliat is, as the Sine — A E^ 

multiplied into the Sine — FM x FCy 

is to the Square of Radius — Rq^ 

fo is the Sine of the Half Sum of the Arches 

AC+AM 
2 » 

multiplied into the Sine of half their Dificrenct 

AC — AM 

1 ^ 

to the Square of the Sine of ~ i. B. 
' : SiE.B. 

' '. \ . . . . 

THEOREAf XL. 

In any Spherical Right-angled Triangle, according 
to the Lord Napier*^ Invention ; the Radius : is to 
the Tangent of one of the Extremes Conjund, : : as 
the Tangent of the other Extream Conjunft, : is to 
the* Sine of the Middle Part, 

Demcnftration. 

Cafe I. Let the Complement of the Angle C, 
be the middle IVt 5 Then (hall -^ AC^ 

undL the Cpinplcment of the. Hypothenufc B C, 

be 
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ht the Ejctremes Conjunft. Noir by tbetnm 28, we 
have — csCiR.itCAuBC. 

Then hy Altcmj^tion we have esCitCAiiRi tBC. 
But (as m Part i, was Ihewn ) R : tBC : : ctBC : R ^ 
Wherefore 'twill be — csC itCAietBC .R\ 
Thatis,a3 — ^ R.tC Fi.tCAi sG H. 

Cafi 2. Let the Complement of die Hypothetiuie 

be At Middle Part ; then will the Complements of 

the Angles -- — B^ and C, 

be the Extremes Conjim^l. 
Then in the Triangle — DC F^ 

(by Tb0orem 27.) it is sCFiR: ztDFtid 
Whence by Ahpma A)n — iCF:/DF::JR:iCi 
Butitis, as — RitCiictC :Ri 

Therefore it will be — sCF:tDF::c$C :R. 

^E.D. 
Cafe 5. Let the Middle Part be — AB^ 
and then the Complement of the An^es S^ and ACf 
ihall be the Extremes Conjund. 
Then (bv ithearem 2y.) it is sAB :R:: tCAiiBi 
Whence by Alternation, sAB : tCA ::{R:tB ::) 

€tBiR\ 
And confequendy — RictBx itCAisAB. 

^E.D. 

Theorem XLL 

As Radius, : to die Cp-fine of one Extreme Df& 
jundt, : : the Co-fine of the other Extreme Disjunfi,' 
: thd Sine of the Middle Part. 

Pemofffiraim. , - > 

Cafe 1. Let the Complement of ihe Angle C 
be the Middle Part 4 then ihall .•-f- AB^ 

and 



I 

L 



I 



*% 
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and the Complement of the Angle — 5, 

be the Extretnes Di^unft, In the Triangle D C F. 
Then by {Theorem 25.) we have, csC CsD:: csDF : R. 
But becaufc — jD = csBJ^ and csDFsz sB ; 
Therefore it will he < — csC :c $BA iisBiR^ 
That is, as -^ — r ^ : csDF iicsBA: sGH. 

% E. D. 

Cafe 2. Let the Complement of the Hypothenufe 

BC^ 
be the middle Part -, then — AB^ AC^ 

are the Extremes Disjunft ; but c sBAic sBC::R 

:c5 AC^ 
by Theorem 26 ; whence, R : cs AC : icsBAisCP 

=z csBC. 

Cafe 3. Let the Middle Part be — AB% 
then the Complement of the Hypothenufe B C, 
and the Complement of the Angle — ^ C, 
are the Extremes Disjunft. In the Triangle G HDf 
we have (by Theorem 25,) c sD i sG *.i csGHi R\ 
But k is — ciD PBifiyf, and 5G=s: f jCF; 
Therefore \t wijl be RicsGH: : csC F: sBA. 

^E.D. ^ 



Vpi,. II, O CHAP- 
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CHAR VIII. 

Of the Cafes, Analogies, and Methods 
of folving Right-angled Spherical Tri- 
angles. 



I (hall here purfue the fame new Method, of Sta- 
ting the true Nature and Number of the Cafes of 
Right-angled Spherical Triangles, as I propofed, 
in Part i, of Right-angled Plain Triangles ; and as I 
thereby reduced the uncertain Number of Cafes, of 
Right-^tngled plain Triangles, to tme certain Number, 
Six ; fo a like Effeft wil be produced here j for I (hall 
make it appear, that notwithftanding all Authors, 
that I have feen on this Subject, make (ixteen Cafes of 
Right-angled Spherical Triangles, , there be in reality 
no more than ten different Cafes ; in .order to which 
I fhall.againobferve, - 

That a Cafe of re(blving any Triangle, is the ha- 
ving juft fo many of its Parts given or known, as is 
fufEcient for finding and di(covering thofe which are 
iinknown ; and fo the Quantity of every Side and 
Angle in the faid Triangle, may be readily known 
and underftood. And ot fuch Cafes there can be no 
more than ten, in a Right-angled Spherical Triangle ; 
for there are but five Parts unknown, viz. The H^- 
pothenufe, the Angle at'Bafe,- the Angle at'Pefpendi- 
cular, and the two Legs ; any two of which being 
given, with the Right-angle, the Reft may be known. 
But the Combinations of two Quantities is five are but 

*^ ten. 
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ten, as is thus evident : For let the five Quantities 
be a, bj f, J, Cj 'tis plain the Combinations of two 
different Quantities of thofc five, will be as follows ; 
ab^ ac, ady ae ; bc^ bd, be ; edj c^ ; de ; in all, ten. 
As there are only ten different Cafes of Right-angled 
Spherical Triangles, fo in every Cafe there are three 
Varieties, arifing from the three unknown Parts ; and 
confcquendy there will be thirty Analogies for finding 
the Quaefita of fuch a Triangle according to the dific- 
rcnt Data. 

I have annexed a Synopfis thereof; in the firft Co- 
lumn of which are the Numbers of the Cafes fi-om / 
to X ; in the fccond Column are the Data, or Parts 
given ; in the third, are the Quaefita, or Parts fought ; 
in the fourth, are placed the Quadrantal Triangles in 
the Scheme, each of which includes another leffer Tri- 
angle, (as the Quadrantal Triangle ADE includes 
the lefler Triangle CD F,) and both thefe ferve to form 
the Proportions or Theories of each Analogy. In 
the fourth Column, are the Proportions which are the 
Reafon and Grounds of the Analogies for the Solutions 
of every Cafe, and out of which they are feverally 
formed 5 in the fifth, are the feveral Theorems, by 
which the preceeding Proportions were raifed and com- 
pofed. In the fixth and laft Columi), are the Analo- 
gies adapted to each Variety of every particular Cafe, 
for die Solution thereof. 

But tho* I have reduced the Number of Cafes to a 
natural Order, and a conftant Number ; the intelli- 
gent Reader will notwithftanding obferve, that even 
thofe ten -Cafes arc not ablblutely different from one 
another, and for that Reafon, are yet capable of ^ 
farther Reduftion, viz. to the Number Six. The' 
Reafon of which is, becaufe in the Spherical Righ^- 
angled Triangle ABC^ either of the Legs AB^ov 
■ AOy may be made the Bafe or Perpendicular at p!ea- 
VOL. II. O a fures 
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furc ; and fo the Angle 5, or C, raay be the Angle 
.at Bafe'ov Perpendicular indifierently ; confequently of 
the ten Cafes in the Synopfis, four of them will be fimi- 
lar to four others ; and only two will be abfolutely dif- 
. fererit and particulnr in their Analogies. 

^ f BC.C. 'i ^ f 5C,5. 1 ^^ 
g I BCBJ. I g \BC,y1C.\<^ 

•£ 1 AB,C. f 1(3 \ AC,B \^. I 

From hence it appears, that inftead of fixtecn Gafes, 
only fix are fufficient to folve a Right-angled Spherical 
Triangle in all its varieties ; however, if we diftin- 
guifli the Bafe and Perpendicular, 'ris proper to add 
the other fourfimilar Cafes, andfo make ten -, to avoid 
all Uncertainty to the lefs skilfull -in thefe Matters. 

What I have often wondered at, is, that Authors in 

feneral agree there are fixteen Cafes of a Right-angled 
pherical. Triangle, and yet hardly any two of them 
agrcq which they arc ; fpme reckoning that a Cafe, 
which another thinks is none •, and thus inftead ot fix- 
teen Cafes we may have twenty-fix, or perhaps, thirty 
( as being all that can be ) if we look on all tbofe as 
real Cafes which different Authors efteem fo, and 
.have ftated as fueh. But I have made it evident there 
are but fix Cafes really different from each other, 
whofc Analogies are to be deduced from the ftx Theo- 
rems following, viz. 25, 26, 27, 28, 29, and 30 » 
to which the four other fimilar Cafes being added, 
make in all ten ; and thefe are really all the Cafes that 
can happen to a Right-angled Spherical Triangle. 

The Ambiguities of a Right-angled Spherical Tri- 
angle are foilved by Theorem 18, 19., 20,- and 21 ; 
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by Ambiguities, I mean the Doubts whkh occur ( in 
the Solution of the Trian^e, ) of the Afie&ion or Spe- 
cies of the Side or Angle found ; rfiat is, whether it be 
lefler, or Greater than a Quadrant, or a Right-angle \ 
fmce the Sine of an Arch is the fame with the Sine of 
that Arch's Complement to i8o^, or a Semicircle. 
Now becaufe, if we have given 

1. The Hypothenufe, and either of the Angles 
5, C 5 there can be no Ambiguity, or Doubt about 
the other Parts, by the faid Theorems : Hence the 
two firft Cafes are tree of all Ambiguity. 

2. If the Hypothenufe and either Side, AB^ ACy 
arc given ; there can be no Ambiguity •, and thus the 
third and fourth Cafe are free, from doubt. 

3. If both the Legs, or both the Angles, are given, 
as in Cafes 9, 10, there can be no Ambiguity. 

4. If a Leg, and an Angle adjacent thereto be gi^ 
ven ; then the oppofite Leg and Angle, and confer 
qucntly, the Hypothenufe are known m Specie, by 
theorems 18, 19 ; and fo Cafe 5, a .d 7, arc free, 

5. But laftly, if a Leg and an Angle oppc^te there- 
to be given, then is the Triangle wholly ambiguous 
in all its unknown Parts ; becaufe fuch Data will not 
determine whether the Parts fought are greater or 
leiTer than 90 Degrees ; therefore the only Cai^s am- 
btguous are, the 6, and 8 \ and thofe in every Part. 

Corollary. Hence to avoid the Ambigqity of thofe 
Cafes, chufe to find the ^afitum by fome other Cafe 
. or Bata^ if it may be ; but if the Data be only fuch 
as in thefe dubious Cafes, then the beft way will be 
to delineate the Triangle by Spherical Projeftion, and 
fo (hall all Ambiguity vanifh. 

All the thirty Analogies in the foregoing Synopfis, 

are compofed of Sines and Tangents only *, but if die 

young Trigonometer pleafe, he may ufe Secants alfo ; 

rand, not only fo, but by means of Secants, each ot 

the 
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the faid Analogies may be varied fix feveral ways. 
For the Manner and Restfon of doing this, I fhall 
here reaflume the Proportions demonftrated amongft 
the Geometrical Theorems of P^/ i ; and they are as 
follows. 



Proportion i. 
gent : is 
: : Radius : 



The Tan- 
to Radius 
Co-tangent. 

CFiEK 



Proporl. 2. The Sine : Ra- 
dius : : Radius : Co-le- 
cant. OR:OC::CF 
: C N. 




Proper. 3. As the Tangent of an ArdiTO^ 

is to the Tangent of an Arch HD ; 
fo is the Co-tangent of the latter Arch, 
to the Co- tangent of the Former. 
5^5 : AH 11 BF : FN. 

Propor. 4. As the Sine of in Arch T O^ 

. is to the Sine of an Arch AH'j 
\ lb is the Co-fecant of the latter Arch, 

' to the Co-fecant of the Former. 
RO X DG ::B€ : CI^. 

By theft four Proportions, may Secants be introda- 
ced into the Analogy ; and every Analogy in the Syn- 
opfis may be varied fix different ways, whether it con- 
fill of Sines only, or Sines and Tangents tbgether. * I 
fliall give an Example how this is done, firft in an A- 
nalogy of Sines only, as Cafe i, and firft Analogy 5 



I. yiz. 
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1. viz. R : sC : : sBC : sBJ. 

2. cseC : R:: sBC : sBJ^ by Pro-par. 2, inverting. 

3. ^i^5C : R: : sC : sBAy by Pny. 2, inverting. 

4. j5C : fJfC : : 22 : rj^5^, by P/up. 2, inverting. 

5. -R : rj^JSC : : cseC : «^5-^, by Prop. 4, inverting. 

6. sC : jR : : rj^5C : fif jB-^, by Prop. 4, tranfpofing. 

In like Manner, may any Analogy, confifting of 
Sines and Tangents, be varied in a Six-4old Difle- 
rence with the Mixture of Secants : Let an Example be 
of Cafe I, and its third Analogy ; 



I. vix. 


R : aBC :: tC : 


2. 


etc : R :: csBC 


3- 


seBC : R :: tC 


4« 


csBC : etc :: R 


5. 


R : seBC : : ctC 


6. 


tC : R :i seBC 



VJ:1 ByPr^^.1,3; 

ciB. l?"^ bv invert. 

• r ing and tranfpo- 

/s' I ^"S the Terms 

\ fg \ of Analogy. 



And ifuer this manner, may any of the other Ana- 
logies be varied ; and fo an 180 diflfercnt Canons of 
Sines, Tangents, and Secants will enlue for finding the 
^uaftta oi a Right-angled Spherical Triangle -, but 
having given the two Specimens above, I (hall leave 
the other to the Learner*s Excrcife. 

Puriuant to the Order of Part i, of Plain Trian- 
gles, I (hall here propOfe the different and various Me- 
tthods of folving Right-angled Spherical Triangles ; 
and (ct them down in the Order, I dc(ign to treat of 
them m the Sequel of this Book. And they are as 
follows. 



I. Method 
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1. Method by the Canon of Logarithmetic 

Sines, &rr. 

2. Method by the Canon of Natural Sincs^ Tan- 

gents, cfr. 

3. Method by Lord Napier\ five Circular Parts. 

4. Method by the Se6tor. 

5. Method by the Sliding Rule. 

6. Method by Gunter\ Scale and Compaflcs. 

7. Method by the Globes or Sphere. 

8. Method by Spherical Projedtion. 

9. Method by Orthographic Planifphcre, or Ar 

nalemma. 
10. Method by the Stereographic Planifphcfc. 

Of thefc ten Methods, five are common to both 
Plain and Spherical Triangles ; fuch arc the i, 2, 4, 
5, 6 ; the other five are peculiar to Spherical Trian- 
gles only. And having already applied the five Com- 
mon Methods to the Solution of Plain Triangles, and 
there (hewed the Nature and Conftruftion of the Num- 
bers in the Canon, both of Logarithmetic and Natural 
Sines, fcfr. and alfo given a large Defcription and 
Manner of making the Lines on the Inftruments, I 
ftall refer the Reader to that Volume, to be informed 
of thoie Matters ^ and fhall here only apply them to 
the Solution of Spherical Right-angled Triansles, 
with the other five Methods, in the Order I have above 
exhibited them. 

And as there are but fix Cafes of Right-angled 
Spherical Triangles, whofe Analogies are really di- 
verfe fi^m each other, it will be fufficientto exem- 
plify them in every Method here mentioned ; and 
thereby the young Trigonometer will be provided with 
an infallible Clue, to condufthim thro* all the abftrule 
and meanderous Windings of the Mazy Labyrinth of 
Spherical Geometry, with fafety, cafe, and pleafure. 

The 
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Method i: Of {Solving Rigbt^aKgled^ Src. ioj 

The Six Ca^ t here mean are as follows \ 

1. Giren tiie Hypothenule> and one Oblique Angle i 

As in Symp. Cafe i, and 2. 

2. Given the Hypothcnufe, and one of the L^ | 

As^Cafe 3, and 4, . . 

3. Given one U^, and an adjacent Angle 1 Al 

Cafe 5, and 7. 

4. Given one Leg, and an - oppofite Angjc } M 

Cafe 6, and 8. 

5. Given both the ^^ ; As Cafe ^. 

6. Given both the Oblique Angles •, As CaJS 104 

Thefc Cafes, widi all the Varieties, I Ihall IheW 
how to refolve by all the Methods above^ as in the 
following Chapters. 



CHAP. IX. 

The Ftrft Method of SoMt^ Right- Angled 
Spherical Triangles, fy the Canon, of 
Logaiiithmetic Sines, 4SNk^ Tangents. 

THE Reader is ibppoled tojave his i&4.6tt 
the Schosev \taA> the < Pi^ip6r6osd alid Atatoi 
. , Jjw >n the fi)re»)ing %i»pfi«, «r he |«p^ 
in oe &ib%ient Sohitions i and thus wiU he be fui« 
to underftftM at once both tlie Theory and VtaS^ of 
his Art. 

you fl, 1? c^ 



Cafe I. 
^;„^ f The Hypothenufe, — 5 C = 44 52 

^ ThcL Analogy i? : sC .:: s^C : sS4^ Tl^at. is. 

As ti^u^' ''-■■' ^ '- — -- 19. ' "' 



ts ta the Sine of the Ahgle C^^/ 57 % 9^^233405 
So die Sine of thejiyixph. BQ^^ 52 qp 9',^472o 

Tg<iie.Stf>CLOf jdjcJL^. jMicsfi ig-ae 9^i8«^ 

The Analogy ii : /BC : r csCx tAG, That is. 
As Radius — • — 10. 

1*0 flvB Tangent of the Hyp. 5C=44 52=9.9979787 
Sob the Co-fine of the Aj:^Cs56 57=9.7306918 

To the Tangent of ^l^'j^taaS^ 50=9.7346705 

The Analog iS : ct^BC^i : /p > etp. Thft^ is, 

Tpthe<:ft^i)fith«H]^,c«^^ 9-8i;o4«30 

«?iMS;^?«><>C«!?C;Angte C^>Rg^.5y< aio.'865|7S 



I ■ , j I, k Mf mmm^mm ffj U j (u nf^ i H f j I | ^ » 



— ■ ^r- — -*« • ■ r~» "T' *' »»^ » - ■ ' — • • W ^ I" T^ ^ 

. 6^ ihe Caam oftjag. Sines and Tangents. 1 07 

Cafe 2. 

i-i. T lETte HypothAftifp i— ^ 35 44 51 
■^^" tand cfe of Ae Leg^, a« B^ = 36 15 

t. '7i jfMT ifl^^ 0/iairir £i^ AC. 
Tk AnaH^ «jS^ : i) tresBC : «f4C, Tbllt is. 

As the Co-fin^ of ^the Leg BA^z^ i5— 9'9o65745 

Sp-»ihoGo-fiion'of4»-Hyp.J?C«i^ 52'?:^JB«ft4(}'|]? 
■To'dw Coffiae of t^e IJ^ iCa^zS to^^l^^^tS 

-. •2. 3% j&jrf fbf;4^. 9i 
The Analogy /fiC :.-5 '^\fB4 : csB. . That ia, 

AstheT!S%oftKeHypoth.BC=44 si^^.i^^f^j^ 
Is to the Radius ■' . — , ."^ ijp. . 
i^iiaieTarj^t|b?®cLe|J'^36 i5^4^5|4^ 

Tothrfeo^eo^ the Angle B^^i 345=9^67^6.^7 

.. ^. to find the. 4figle C. 
The Analogy J ic : iJ : : j5/f : st. That is. 



■»►* 



►o" . > •• • ■■■'1 - 
As die ^f of dieHypodk- ^=544-52=39.84847^9 
is ^ the Radius ,^ — — 10. 

AlijlheSaae^cif thcrJUg BAM^6 t^^^jj^^x^^ 

VOL, II, pz Ca/tf 
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C^^ 3- 

Given ^^"5 Legv:^ /^^ ^i^ 36 15 
- I - A^rid an adjacent An^ 5 ss 42 34. 

1. To find the Hypotbemfe B C 

The Analogy .R:vjB : : 4:tAB : ctBC. That is. 
As Radius ^ *— . — 10, 

Is to the Co-fine of the Angle 5=42 34SS 9.8672673 
fo Is the Co-tang, ofdie Leg £J=s^6 15=10.1347596 

To the Co-tang, of Ae Hy. BC^sj^ 52=1 0.0020369 

2. 2*^ find the other Leg A C. 

* Thc^ Analogy R \ sB4 :: tB : tJC. That is. 
As Radius ^'"TL ' s —* ^o. 

^Is to theSine of ihcj^ ^ 5^3?36. 15:5^9.7718150 
Ifoi&jlidjrarigcnt of the Angle 5 42 34=9.9629494 

.Ta Ab^Tahgent bi lie^Leg ^C=:i28 '36=9.7347644 

3. TJ? /«i /fo other Angle C 

The Anabgy sR : ^ jjB.^ : : j5 : csC. That is. 
As Radius — - ^.. .^ ' ' -^^^ •>- '■» - 






is to t^e.Co-fme of Ah Leg BA=iJS 15=9.9665745 
fo fa d« Sine of the Angle 5^=4?^ 34===9.83P.2342 

To the Co^^finc of the Angle C^s6 57=9.7368087 
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Cafe 4, Ambigums. 

^. T One Leg, as — JC = 2S 30 
^^^^ t and: to Angle oppofitc £=42 34 

u To find the Hypotbenufe BC. 
The Analogy sB : sAC :: R: sBC. That is, 

6 i 

As the Sine of the Angle . ^=542 34=9-830234^ 
is to the Sine of the Leg JC=2S 30=9.6786629 

So is the Radius — p- — 10. 

To die Sine of die Hypoth. £0=44 52=9.8 484287 

2. To find the other Leg B A. 
' The Analogy tB itAC 11 Ri sBA. That is. 

As the Tangent of the Angle 5=42 34=9.9629494 
is to the Tangpnt of the L^ AC;ss 2 8 30=597347644 
fo is Radius — — - 10. 

To the Sine of the Leg £-^=36. 15=9.7718150 

,35.. To find: the oti>dr An^ C. . -. . 
The Analbgy r jC^^: R i*. csB : sC. That is. 

As the Co-fine otthe Jjcg iC?s28 .30— 9-9438985 
is to the Hadius — *— 16. 

■ fo is the Co-fine of the Angle J5=54* 34=9-8672673 

'To'tfeerSihe of the Angle €=56 57 =9.9233 688 

>;^^ tHc Leg .• -- 5^=3615 
^'^°* t^*«Lcg — ^=2830 



1 16 MetbdJ I. 0/fohftf^ A. J» S,TriaHgks 

I. To find the Hypotbemfe BC. 

Tiie Aaaiogy R : oCif : : isBA : .«!«^. TKa^ is. 
As Radius — — lo. 

^ ■ j> / ' 

is to the Co-fine of die Leg CAsziZ 30^=9.9438985 
lb fe t!hfc Ce-tSht 5f thft Li| ^yf=^6 iS'UBi'^-gdesy^.s 

€» t]ie C»^fia6 t>f tixNyp. A£3£44 5i«=9.85047:^ 

_ . ■» ■ > ^ ni l 

2. ?J? find th' Angle 6. 

tilt Aralogy sBA : R i: tCA : tA. That is. 

As the Sine (rf tl>e L^ 5^*8.3615=9.7718150 

is fo Ae Radiu^ — * .^10. 

fo is the Tan|;cnt t)f the Leg GAm^B 30.==^^73+7644 

to the TaogBOC dT ^ Aii|^ Jit^t 34^^9^9494 

$.!!»>»* the An^U C. 

The Aniac^ iCif : it : : t6A : /C. That is. 

As theSini'of thq Leg C-feiS 36=9.6786625^ 

is to Radiu^ *-* .— ip. . 

fo is the Tahgaht of th8 Leg 5^=35 t$^9^^S}A0^ 

» die Tangent of d»Ais|^C^5fi Sf^i4.t^s7y5 
Cqfi 6. 

Given J^*^^ ^"S^^ •" ^^4^ 34 

^^^^ %mA the Angle *«- G?= $iS 57 



j 



l[itbiC^n^t^g.SifU(s4Vfd(XMig^^ til 



1. To Jhid the Jffpotbemife B C. 

The Analogy tC i ttB '.x R i csBC. That is, 

s 




to the Co-fine of the Hypoth. BCas/^. 52 =9 ^4^473 < 



2. fit jmd:Jbe Leg AB» 
The Analogy sB : csC : : ^! : cjB/f. That is^ 

As the Si^.of t^e A|i^ BmA% iAf^9^9sf>^34i 
is to ^0>^citi:KfAai^Cm$^. 57139,79^918 

fe a. ]^a4iu>. -*• "^ «^ 

to the Confine of At L^ BJ^^S 15959.9064566 

$,,^jM thtZeg: AC. 
The Analogy jC : « f J?,: : iS ; c liiC. That is, 

o / 

As As §pe. of the Ai^ €=t56 57^9.9233405 
if ^tCKtheCorfine of die Ar^fimA^ 3471:19.8671^73 
lb is Radius -«» •«• 10. 

to the Co-fine joC the X)pg; ACastzt jgo^s^li^^zel 

Thus I have ilhevn how by the Logaridi^is aU di0 
%M«!yscC'Qi^: in «:]Ughii-aB^Spliened 
gle are folvpd ; and that in 6) natural an^.Qrdpr. tbac 
none xan. lie vpioxfod^^wdd* ai^EMfteukf itt'diis ^4c« 
thod, which, of all others, is &r the beft. 
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C HAP. X- 

The fecond Method of Solving Right-angled 
Spherical Triangles, hy Natural Sines 
and Tangents. 

IN the Canon or Tables of Natural Sines and 
Tangents, you are only to take out thpfe Numbers 
which belong to the Quantity of the given Side 
or Angle, in the Column of Sines, or Tangents, as 
the Analogies (hall dired, and by the Golden Rule^ 
you find the Natural Sine or Tangent of the Arch re- 
quired ; which being ibughtin the Table^ will there 
Ihew the Degrees and Minutes contained' in the laid 
Arch. 

I (hall ^ve Examples of the fix ablblute Cafes, as 
follows, omitting the Work at largCt as unneceflary« 

Cafe I, 

Qj -^The Hypothenufe — £C = 44 S^ 
^''^^ 'iand an Oblique Angle, as C ^ S^ 57 

i.TofndtbeLegBA. 

The Analogy R : sC : : sBC : sBJ. 
tn Numbers, looooo : 83819 : : 70545 : 59130; 

But tl^.Number 59130 is the Sine of 36 is»BJ4 



Method 2* Offolving Right-angled^ &c. i.i j 

2. 7(? find the other I^ A C. 

The Analogy R : t BC : : csC : tAC. 

In J^Tumbers looooo : 99535 : : 54537 • 54295 r 
But 54295 is the Natural Tangent 28® 30' =s JC. 

3. Ttrfind' the Angle B. 

The Analogy R z csBC :: iC : etB. ' 

In Numbers looooo : 70875 : : 153692 : 108876. 
Then 108876 is the Co-tangent of 42® 3^'^B. 

Cafe 2. ' .. 

p. ^ f The Hypothenufe — 5C =p 44 ^2 

I. To find the other Leg A C. 

The Analogy csBA : R :: csBC : csAC. r 

In Numbers 80644 : lOOooo : : 70875 : 87881. 
Thus 87881 is the Cp-fme of 28^^^ 30' = AC. 

' 2. T&jlind the Angle B. 

The Analogy tBC : R :: tBA : csB. 

In Numbers 99535 -' lOOOOo : : 73323 ! 73649 ; 
But 73649 is -the Co-fine of 42^ 34' = B. 
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i. fi find the Angle C. 
Thi? Analogy j^C : ^ : : sBA : s C. 

In Numbers 70545 :iooooq : : 59130 : SjSi^rj - 
Kow 83819 is die Natural-Smc of 5J6? $y^=C. 

Cafe %. 

6 

Givin S^^ ^' ^ • '^ B^^^S 15 
. 1,'ana an adjacent Angle — 5 = 42 34 

i; 5i find the Hypdtbenufe BC. 

The Analogy R : csB : : ctAB : ctBC. 

Ip Numbers looooo : 73649 :: 136382 : 100291 ; 
Now 1 00? 9 1 is the Tangent pf the Complemoit 

2. ^p' find the other Leg A C. 

The Analogy R : sBA :: t B : t AC. 

In -Wambers 1 60006 : 59130 : : '91847 i 542^95 ; 
fo f& 54295 tJiie Natural Tangent <rf! 28? %o'^AC. 

3. 7*0 j5«^ /i^ ^/i^r /i!«if/<f C 

The Analogy B, : csBA : z s B - c s C. 

In Numbers rooooo : 80644 • • ^7^44 • 54537 ** 
fo ftiall 54537 be the Co-fbeof 5*6^^7' = C. 

Cafe 4, Ambiguous. • 
riven i^"^ ^S' ^^ ~ ^C=:?8 30 

ojvcn -^ ^^j ^^ At]glc oppofite — B == 42 34 

I. To 



kjf Ntturdl: Sines axi Tattgettts, 115 

. \, to find the ^H^themfe B C. 
The Anal<»y sB : s Jc : : R : sBC. 

thai B 70545 the Sine of 44" 52^"= B C. 

1. To find tie other Leg B A. 

TBe^A«!(%y>A: t4C : : R : sBA. 

In Kurtibers 91847 : 54.295 : : 1 00000 : 59130 j 
thus is 591 30. the Sine of 35** »$' :?i 5^, 

• " - ' ^. ?»• /«i ifc* W5tfr Jinj^le C. ' 

' • T^ie'^Anale^ f iCyf : i? : :«r j5: jC. 

Ifn Numbers 87881: Iboooo : : 73649 : 83819 j 
h is 83819 ti>c Natural Snc oi 56° 57' = C. 

^ Cafe 5. . ^^ 

Zand the L^ rr ^C =: 28 30 

; \t To find, ti»e Jlypotbeniift 1^ C. 

.T)ie .AnaJojy R'c.tC^ '' c-fBAi tsBC. 

iir-Kuttajci^ t<XJ066': «7R&i :: 80644 : 70875 } 
Thus (hajl 70875 be the Corfine pf 44<? 52' =3,5 C. 



■"•"' {■'•• i.'TofirtiiB Angl^Ti. 



The Anal<^ iB>f : iJ :: tCA^ t B. 

In Nurobera 5913° • 100000 i: 54295 : 91847} 
^oft 9*84^ the Tangent of the Angle 5 =s 42* 34'. 
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To find the Angle C, 

3. The Analogy $CA : R t: t 6 J : tC. 

In Numbers 47715 : iooboo: V 73323 f 153602'; 
c thus Ihall 153^2 bethc Tangent :of56<?"^5^^^C 

' ■ .. •■''.*.:•, '/{•■•;; 

Cafe 6. . , . 

' "0 . 

Given both the An^d i i^^l^^f' 

.,. ^. .. l^G == 56 57 i . 

"!• y^ j5»i the Hypothenufe B C- 

The Analogy ^C : <:/S, r: i^r f^sBC ; 

In Numbers 153:692 :: 108,876 : iqoooo ;; 70857 ; 
thus you have 7^08^7 the Co-finc pf 44^ 52' =s fiQ, 

\ - 2.Ta find the Leg AR' i ' - -^ 

The Analogy sB : ^ s^C \: R : csBA 

In ^Numbers 67644 : 54537 :: looooo : 806441 
I , "ifo that SiQ644 is. the Co-fine of- 36?' 1% =s BA 

3. 7b find the Leg A C. 

The AnaSogy s C :'e s B It R\ ^5 AC ; 

In • Numbers 8^ 8f 9 ' : 7 3 ^^tfi :' : '\ odoocf '■ V 8 78^1 ^ ; 
. and thus we have. 87^81 Ae.CJOrfineof 2S?,3;gf9?^/fC.' 

Thus we have the Manner of working all the Cafes 
of a Right-ahgled Spherical Triangle by Naturat. 
Sines ajid Talents, . 
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77;e third Method of fobing Right-angled 
Spherical Triangles, by the Lord Na-- 
picr'j Five Circular Pares. 

WHAT thefe Five Circukr Parts arc, I have 
already i-laid in the Definitions ; and I have 
alfo demonftrated mTheorein^o; and 41, thdr 
Properties, wherein the Ufe and Excellenqr of this In- 
vciititm of* that^noble Lord doth wholly confift ; and 
'that i*,' by ftiewing at once the Proportion for refolving 
any Cafe of a Right-angled Spherical Triangle^ by 
one Univerfal Propofition or Catholic Canon \ viz. 

^'Tbe Radius and Sine of the Middle Pfirt^ ^re rt^ 

'■ cipyocally proporimal to tl^' Tangents of the Esf 

' ' (ream Pdris etrnjunlij and tp-tiie Co-fnes pf'tbi £*• 

* ireams disjunSl. .:\r.i\ :.. j . > i .... .:. .- 

Kjpw in order to fit. forth the Advantage of this 
'Tlniverial . CanoH,. there is cci<<tffved ap fiftrumeni 
which fhcws by- Irfpcftion the Oitler of 'the'Terms, ih 
tiny Propbrrion 'or Analogy, fpf the Splufioh^Jcjf an^ 
Cde, byhaviffg thefcveral Pkrts.of this Canonijaiia 
'thfe Five Circular l^rts/foaptfy .placed thei-dori; 1^ 
to corrcfpond to each other 5 :and. thereby conftitucf 
■,thfc.iAhalogy atonce.'^ :' ' . — . "; i' 

'--'••♦• ' ■ '• - . ' ' ' ^ ' ''^': 



1 1^ Method T^^ 6ff(^ving R. J. S. Triangle's , 

But before I come to defcribe this Inftrument, and 
Ihcw its ufe ; I muft defire the young Learner to con- 
fider well the following Particulars. 

1. That if the Extreme Parts be conjund, then the 
Analogy muft be peribnned by Sines and Tang^ne 
together. 

2. But if the Extrc|tn€sbe pisjjinay^thea die Ana- 
logy will confift of Sines only. 

3^ ilf the 5id^ or Angle fcupbt chance tor br the 
Middle Part, then muft lladius ; begin- the A3\il(%f ; 
or be the Firii! ^^vm, • 

I 4. But if one. of the ExtreiLm& be the Pa^t ^ibugh^ 

then die oth^ fixtr»m muft be i^he Jirft 

Alialogy. 1 ^ V r . ::.. 

5. That ih ufing die Inftrument, if it chance that 
Co-fine and Complement Ihould cpirei^P^Mid, liiGfj: vou 
mijft underftand the Sine of ;^ Jfaf -t tber^^by*. For 
jhe^ Co-fine of theCqmpiem^nt f^ ,wi'Arch, is the 
Sine idelf of ihat Arch. 

^, Theinftrument xmw ito be-defcrihe^ (^ S<%5Je of 
wKich I have here delineated ) may be made <?f rape?, 
Paft board, Wood, ' Brgfs, Silver^ i^tl and <x>nfift?^t 
of two Parts, of whichi the kfler ani^ intppff rw>Wth 
on the other, by iQme kind of Rijct,jQn the Center^ lip 
order to be turned round as QccafiijJh reqt^r^^ On 
this inmoft moveable Pifece is d^fcribed a Rig^t^angled 
Spherical Triangle JiBC^ whofe five'CIr^iiJar/j^rtt 
are, by five flraight Lines referred to' the otftriioft fixed 
Piece, which is divided into two Circular Margins, 
%<Ui which are divided into five equal Parts, 

Itt 
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In one of which is wrote Middle Part v and under it9 
the Word Sine. In the Parts on each Side of this, is 
wrote Extream Corgun£l ; and under them, the Word 
Tangent : In the two other remote Divifions, is wrote. 
Extream Uisjun£l ; and under it the Word, Co-fine. 
And fuch is the Furniture of each Part or Plate of this 
Inftrument. And if to thefe the Praftical young Stu- 
dent wegld adapt an Artificial Line of Sincg and Tan- 
gents, on the Margin of the outmoft of thefe Plates, 
and contrive them to Aide or move by two of the fame 
line&|ixed on the inner Border of a third Piece (as 

may 
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Ariaib^y*; and jgivek )^e Sobtiohs' ot" the Cafe^ Jn 

in the'Ule of this Inftrument ( a<i Wbe<^ iaid ) 
it is to be cqnfidered, that^ as in every Caie ther^ are 
two Parts oif the Tti^ngtp given, nnd one fopglit ; 
f6 oniorthefe three Pans rtiuft necefilirily lietrctw^n 
the othtf two, and be the Middle Par^ indihe^^ 
two the^E^xtreams, Now that which is the; 'Middle 
Part f whetlier given or fought) in the Triahg;lev rn»ft^ 
hy moving the Inner Part about, be fct againl^^,^ 
Middle P^irt wrofedn the outer fixed Piece igtlicn.ltaU^^^ 
tiic Lihes, proceeding from the twd Extrenj^/poirit tb 
the Terms of the Analogy in tlie outer' Parts^ arwd 
fhew them to be Tiinge^ts or Co-fine*, as thQ'-Jp^tr^rns. 
are cc^njund, or disjoiried from the Middle 'Pajt. ;' *. 

I fhill cxfmplify the foregoing fix abfoliite Cafes 
of Right-angled Spherical Triangles, W' the' ,t3^f^ of 
jthis curious Invention of the noble 5rp/<i>.Lord nfbre*- 
laf^t ; at^d a/^^erv/ardsiit! proved in the above defcribea 
Inftrument by the Right Worfhipful Sxr-Gharlts 
ScarboroWy M. D. 

In the following Cafes and Analogies, I fhall ( for 
Perfpicuity's fake) reprefent the Middle. Part in a diU 
ferent Character ; and ftate every Analogy in the 
Tw-ms, which arife from, and are peculiar to, this 
Inftrument 5 neglcdting thofe in the foregoing Syn- 
©pfis. 

Cafe I. 

r\^^ry S '^^^ Hypothcnufe .«— B C, 

; "^-^ \ and an Oblique Angle ~ C, 

• r. 51? 
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r. Sfi find the Mafi B A. 

.Here .the fart fought k did JVfid4te l^«f» »' ^^e 
Parts given are Extrcams JDisjunft; therefore the 
Analogy begibs widi Ridius, is alMgether in Sines, 
andjrom the Inftrunieat^ ( hy fetting -the-Bafe io the 
Middle "P^rf ; it will be formed thus ; 

R : sRC lysC: iVSf^. 

' ' 2. To fni 'thf Perpendicular A C. 

Here the Angle C isth? Middle Part, and the 
Hypothcnufe and Perpendicular Extremes Conjund -, 
whence, ,( the Inftrument b^irtg iet^c^oi;dingly ) the 
Analogy ia Sines and Tangpnjs will be thus j 

ctBC : cs€ :: R : tAC. 

^ ,*^ 3. To find the ofher Anih R. 

Now Is the Hypothenufe the Middle Part, and the 
two Obliqqp >^ngje§^ ihp Es:trtoi6a.C^oigUnft ; one of 
which .being /ought, wp begip wit;h ,the oth» ; the 
Inftrumciit wing cirdeited, the Ariategy iri Sines and 
Tangents will, appear thej:eQn ^s folloj^^s, viz. 

cjQ ijsy^^ :.:R/,^ciB. 

The Method of fetting. the Inftruipent, and framing 
the Anal(^es being thus explained ; I fhall only fet 
down..ttie remaining, five Cajfes/ with; the Analogies 
belohgjng to"^ e^dj,, as riiey ^ri!k from the (iUl In- 
ftrument. 

' ' Grveri i '^^ HypotheiHdfe «^y 
^'""^^l and the Bafe ^ B A, 
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I* To jmd the PerpenMctdar A C. 
iThe Analogy, csAB'.R'.'.cilHi^ : a AC. 

2. To find the Angle B. 

The Analogy, R : tAB : : ctSC : €$%. 

3. fo-^ /&f Attgle C. 

The Analogy, j 5 : iJ : : sIBSi : JC. 

Given S ^¥ -^'^ - ^ - BA, 
'""'^ l^d Angle at Bafe — B. 

I. To find the Hy$iAhemfe B C. . 
The Analogy, /5^ : f jJB : : iJ : <:/5C. 

^. To find the Perpendindar A C. 
The Analogy,, tf/5 ; R : : jjg^ * /^^. 

3. Sr<; /«i /i;/f Angle C. 
The Anal<S^, :R 'ijB::csSA : rj^. 

Cafe 4y Ambiguous. ' ' - 

" Given ^ The Pferpendicukr — AC, 
;\ and die Oppofite Angle — 5. 

I. To find tke Bypothenufe B C. 
The Analogy* sB ; j^I ^.xR'. iBC. 

* 
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2. To find the Rffe A B. 
The Analogy, R : t C A : : etB i /»«. 

3. To find the Angle C. 
The Analogy, csAC:R:rcsJ5'.sC. 

Cafe 5. 

^. f The Bate — AB, 

^*^*" i and Perpendicular -^ AC. 

u To find the Hypotbenufe B C. 
The Analogy, R : csAB :: esAC'.esK^. 

2. 9T? /»</ the Angle B. 
The Analogy, tAC : R :: sISSL ' ctB. 

2. Jo find the Angle C. 
The Analogy, tAB : R :: sSi€ : f/C. 

Cafe 6. 

^. * The Angle at Bafe — 5, , 
^'^'^ "t and the Angle at Perpendicular C. - 

I. 7b find the Hypotbenufe B C. 
The Analogy, R : ctB :: ctC : csV€. 

2. To find the Bafe BA. 
The Analogy, sB : iJ : :* cjC : f jS//. 
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3. To fiffd ibe Ptrpehdieular A C. 
"i^he Analogy, s C : R : : csiSS : cs AC\ 

Thqs you fee all the Variety of Stating. Analogies, 
for theCafe^^f-RigHt-arigledS^ferical Tnanglfes, per- 
formed by the Inftrument above defcribcd, whereby 
you may alfo obferve Ifow .eipedidoufly, as well as 
infallibly, the whole Bufinefs is dilpatched. This In- 
ftrumcr^t fupplies crcry way the Dfeficiericy ot Me- 
mory V fer who, withoiit iconfeiAt ?i^aftice, or a pro^i- 
gious Memory.^ can always think of the Analogy for 
the Solution o^ a^y "Gaft ^hkA may accidentally oc- 
cur,- wlefs .thi^ Inftnumcnt be at hand. The Uif of 
whicli ( efpecially if furnithed with Artificial Sines and 
Tangents, as before adviifed J wil} fufficiently recom- 
mend it to all the irigenious Students in this, mod, curi- 
ous Rfcri of l^ikematical Science; . 



CHAR XIL 

Ihe [fpuPth MiM of Solving Right-angled 
Spherical, Triangles b^ the Sector. 

TM I S • a^mh-able and ' univerial Mathematical 
Inftrument I have already defcribed, with the 
Conftni^i6n of thi? Varibui Lines thereon, fo 
far as they coneeri^ tiiis Art, ir| F^l, ?i <}(fM9t Tri- 
gonometry . 1 Ihavc alfo there largely fhewn its Ufe in 
ibjvicg Plain Triangles^t which being nearly die i^c 

in 



spherical Tri aisles hy the SeBor* 12$ 

in rohing Spherical Triangles ; I fliall be much more 
brief ill ihsWinff its ufe here* f 

in otxkr to Which, the Reader muft be here again in* 
formed, that the Lines of Sines and Tangents, on each 
Leg of the Seftor, are call'd Lateral Sines aud Tangents % 
atid are thus marked, || Sine^ and || Tangent^ or 1 5, || T. 
But thofe Shies or Tangents which correl}>ond to each 
okher cro&*wife firom L^ to Leg, or lie parallel to 
each other, are called ParaUel Sines and Tangents % 
and are thii^ marked a Siniy ^ Tangent ; or =: Sy 
as T 

But becaufe the Line of Tangents on either Leg, 
mns but to 45 Degrees ( diUt being eoual to Radius ; ) 
and it is inconvenient to manage thev Qperatbn by the 
Sedlor, when the Analogy contains a Tangent (or Co- 
tangent) greater than 45^ ; therefore the beft way will 
be to change die greater Tangent into its Complex 
ment v which is eafily done *, for fince Radius b a 
Mian Proportional between die Tangent, and the 
Tangent Complement of an Arch •, ttKrefore *ds bix 
inverting the Order of Radius and the greater Tan- 
gent, and you will have Radius and the lefler Tangent 
in its ftead \ for inftance, in this Analogy, 





R : csBC :: tC : e 


tB. 




But it is 


R : tC :: ctC : 


; R; 






Therefore 


etc ; esBC :: 


R : 


etB. 




But a^in 
Therefore 


R : Ct B :: tB 


: R 


i 




CtC : csBC : : 


tB 


:R; 


That is. 


Sy Itiveifion 


If jS : etc : : 


R : 


tB. 





Now this laft Analogy finds B as well as the firft i 
but in the Firft Analogy, fuppofe the / C and c / 5 
were both greater than 45®, as in the Triangle in the 
felling Synopfis j then in this laft Analogy, we 
have gpc ctCy md t B both lefler of Coniequence i 

and 
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ind die d«ng this is eafy to thofc who arc skiHed in 
tficfe Aftairs. The like is to be done with all other 
Analogies of^ a like Nature, as b the following 
Operations. 

. One thing more the Reader mqft note, and that is, 
TiwJt the fecond Term, Sine or Tangent, is .to be 
lasfccn lateral-wife from off the Leg, and made a ParaU 
fcl on the Degrees of the firft Tern), whether Sine or 
Tai^ent \ fo (hall the ParalkJ o^ the third Term, 
applied laterally on the Leg, ihew the Quantity of the 
fov>rdi Term fouglit. 

Except when Radius is the lecond Term, and then 
proceed with the Third and Firft, and Second and 
Fourth, as before direfted ; this finds the Fourth 
Term on the Leg, which is more certain and eafy, than 
io find it by a Parallel Application from Leg to Leg, 
wliich is done in a Method juft die Reverie of what is 
nf)w delivered. Here follows the Solutions of the Sx 
Gafrs and all their Varieties, by the Sedtor. 

Cafe I. 

Given S. ^'^^ Hypothenufe /~ 5C=:44 52 
X and an Oblique Angle — C^rfs 57 

I. To find ibe Leg B A. 

The Analogy, R : sC : : sBG : sBJ. 

Vv ith the Compaflcs take the || Sine of 56^ 57' ; 
!":.ik? this a = Pwadius in the Sine of 90 and 90 ; then 
Tie = Sine of 44^ 52' fliall give the B Sme of 36^ 15' 
it>;\ Uic Leg B A. 

2. T$ 
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2. fi Jind^ the other Leg A C. 

The Analogy, R : tBC : : csC : / /fC 

Thus ukc the |1 Tangent of 44^ 52^ and make k 
a =r Radius ; then (hall the = Sine of 3 3^^ 03^ give 
the Tangent of 28® 30' for the Qaantitv ot the 
Side ^C. 

. - . • 3. 5*^ JJ«^ /i&-' ^^e R . 

The Analogy, R : c 5 BC :t tC >: dl B -, ^ 
But for the Seftor, c s BC : ctC : : R : ( B. 

Therefore make the n Tangent of 3*^^ 03' a = 
Sincpf^S"* 08' ; then fhall the = Rbtiiite ^ve the 
B Tangent ot 42^ 34^ for the Meaiiire of ths An- 

■ • V ' ..."V Gj^ 2. ,^ " -. :'\ 

Given -f '^'^^ Hypothenufe — jBC = 44 52 
t andone^xjf the l-egV as- BJ = 36 15 

I. To find the other Leg- A C. 

The Analogy, csBA: R : :ciXC\: cj JC. 

Set the Sine of 45^ 08' to the = Sine of 53 ^ 45';-> 
(q Ihall the = Radius give the jl Sine 61^ 30',' the • 
Complement of 2S^ 30V for the Leg J'C. 

- . . ■ * . ... I... ' • '. 

2. To find the Angle B. 

\The Analogy, /5C : R iOBA^i c,sB. . f; 

Make the |] r of 36^ 15 a r^T of 44^152' V* 
(hall the s= R give the \\ 5 of 42^ 34' tor the An- 
gle B. 

3. To 
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3. To find the Angle C. 
The Adalogy,. sBC, .^ JS. : ; sBA: sQ. 

Make the B 5 erf 56^. 15' ^ ?= 5 of 44"^ 52/.; fo 
wiU the = Radiuji give the j| 5 of 56^ 57' foF the 
Angk C. 

C^/tf 3. 



Given •< 



One Leg, as -^ BJ=» 36 15 
.land w adj4(^at:Aegle Jf '=42 34 

I. To find the Hypothenufe B C 

The Analogy, R : csB i: ctAB : ctBQ: 
For the Sedtor, thus, csB: t AB : i R :: rB C. 

Make the 11 r of 36^ i5'a=5of47« 26'; then 
fliall the = Radius giv^ the || J* of 44^ 52'. for Hy- 
pothenufe 5 C 

• '\ 

2, Tif find tbd Leg A C i. " ^ 
The Analogy, R : s BJ :-. t B yi JC. 

Make thej 5 of ^6? 15/ * =? Radios v *en the 
= rof 429 34' w'lll give the || T of 28** 30' for the 
Leg JC, 

3. To Jini th .otf>er jfygk C. , ' ,'■ 
The Analt^y, R : csBJ ; : sB : c s C. 

Make the.|| S of 53° 45' si ^ Radius 4 th^ fliaU 
the = 5 of 47« 26' give the || S of 33^ 62' the 
fComplemcnt of C, ;.;'■.: 
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Cafe 4, Jmbigiwus. 

Given J °",^ ^S^ ^ — ^C= 28 03 

\ and an Oppofite Angle J5 = 42 34 

I. To find the Hypolbenufe 6 C. 

The Analogy, sB : sAC : : R : s B C. 

Make the || S of 28^ 30', a = 5of 42^ 34' ; fo 
Ihall the = R give the || S of 44^ 52^ the Quantity 
of Be. 

2. To find the Leg B A. 

The Analogy, t B : tAC : : R : s B A. 

Make the || T of 28^ 30', a = 7* of 42'' 34'; 
then will the = i? be the || 5 of 36^ 15 y for the 
IjcgBA. 

3. 7J? /»d the Angle C. 

The Analogy, c s C A : R : : c s B : s C. 

Make the || 5 of 47^ 26', a = 5 of 61^ 30' j fo 
will the = R give the |1 S of 56^ 57', the Quantity 
of C. 

Cafe 5. 

Given 4 '^^^ ^^ ~ BA= 36 15 

^'""^^ land the Lg — AC = 28 30 

1. 5n? find the Hypothenufe B C, 
The Analogy, R : c sCA :: cs BA : c sBC. 

Make the || 5 of 61^ 30', a = Radius ; fo will the 
== 5 of 53^ 45' be the U S of 45^ 08', the Comple- 
ment of B C. 

VOL. IL S 2. To 
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2. To find the Angle B. 

The Analogy, sB A : R \ : t C A : t B. 

Make the || ^ of 28^ 30', a = 5 of 36^ 15' ; fo 
will the = J? be the || 7* of 42 « 34^ the Meafure of 5, 

i. To find the Angle C. 

. The Analogy, s C A : R : : t BA : t C. 

Make the i| T'of 36° 15', a = S oi 28^ 30^ ; then 
will the = if be the || Tof 56^ 5y\ the Meafure of 
the Angle C. 

Cafe 6. 



t2 34 
and the Angle — C = 56 sy 



Given { ^^ ^"Sle . ~ 5 = 4^ 34 



I. To find the Hypothenufe B C. 

The Analogy, t C : ct B : : R : c s BC. 
For the Seftor, thus^ t B : R : : c t C : csBC. 

Make the || T'of 33"^ 03', a = STof 42^ 34' •, 1q 
will = /?be the ||5 of 45^ 08', the Complement of 
Che Leg B C. 

2. To find the Leg B A. 

The Analogy, sB : csC : : R : c s B A. 

Make the || 5 of 33'' 03', a = 5 of 42^ 34' ; then 
will the = i? be the II 5 of 53^ 45, the Complement 
of the Leg B A. 



3. 5^^ 
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3. 7J? find the other Leg A C. 

The Analogy, sC : c sB :: R : csAC. 

Make || S of 47*^ 26', a = 5 of 56® 57- -, fo will 
jthe = R be the \\S oi 61^ 30^ the Complement of 
the Leg AC. 



CHAP- XIIL 

The fifth Method of folving Right-angled 
Spherical Triangle?, by the Sliding 
Rule. 

TH E Nature and Ufe of the Sliding Rule alfo, 
has been already fufficiently explained in 
Vol, I . of Piain trigonometry ; however as 
its Ufe is here fomewhat different -, I fhall juft give 
Examples of all the real Cales ot a Right-angled 
Spheriqal Triangle this way ; in order to under* 
ftand the Method of operating by this mod conve- 
nient Irtftrument, I fhall again acquaint the Reader, 
that, as it confifts of two Parts, the Fixed and the 
Moveable or Sliding Part, and each of thefc hath a 
Line of Sines and Tangents, fo placed as that the 
Sines on the Slider move by the Sines on the fixed 
Part, and the fame of the Tangents ; I (hall ( in the 
Sequel ) mark the Line of Sines and Tangents on the 
JRule ( or fixed Part ) by the Letter jf^, and thofe on 
the Slider by the Letter L ; this being premifed, and 
the Read^ prefoppofed to underftand the Nature of 
VOL, IL S 2 the 
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the Sines on the Rule ; I Ihall proceed to the Solution 
of the Six Cafes as before, with all their Varieties, oy 

this Inftrument. 



Given i 



Cafi I, 

The Hypothenufe — BC = 44 52 
and an Oblique Angle, as C = 56 57 



!• Tb find the Leg B A, 

The Analogy, R : sC : : s BC i s B A. 

Set the Sine of 90^ on F, to the Sine of 56^ 57/ 
on L ; then againft the Sine of 44® 52' on F, is the 
Sine of 369 15' on L. 

2. 7b j/?«^ the other Leg A C. 

The Analogy, R : tBC :: csC : tAC. 

Set the Sine of 90^ on F, to the Sine of 33^ 03? 
on L \ then againft the Tangent of 44^ 52^ on F, is. 
the Tangent of 28^ 30' on L. 

3. 7i? find the Angle B. 

The Analogy, R : csBC : : t C : c t B. 

Set the Sine of 90^ on F, to the Sine of 45S 08^ on 
L ; then againft the Tangent of 56^ 57' on L, is the 
Tangent of 47^ 26' on F. But the Tangent and Co- 
tangent are in the fame Point on the Line ; fo that in 
the fame Place you alfo fee 42^ 34' = 5 required. 

Cafe 2, 

a / 
Given S '^^^ Hypothenufe »— . 5 C s= 44 52 
(.and one of the Legs, as J3 ^ == 36 15 

J. T9 
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I. To find the other Leg A C. 

The Analogy, csBA : R :: csBC : csAC. 

Set the Sine of 5^^ 45' op F, to the Sine of 90*? 
on L -, then againft the Sine of 45^ 08' on F, is thq 
Sine of 61^ 30I on L. 

2. To find the Angle B. 

The Analogy, tBC : R :: tBA : c^B. 

Set the T of 440 52/ on F, to the T^of 36^ 15' 
on L ; then againft the S of 908 on F, is the ^ of 
478 26/ on i. 

3. To find the Angle C 

The Analogy, sB C \ R :i s B A : s C. 

Set the S of 44^ 52' on F, to the 5 of 90^ on £ ; 
then againft the S of 36^ 15' on F, is the Sine of 
56^ 57' on L. 

C?/J 3. 

8 I 

Given -f ^"^ ^S^ ^^ ■" 5 ^ = 36 15 

1 and the adjacent Angle B ?= 42 34 

I, To find the' Hypothenufe B C. 

Jhe Analogy, R : ^ j5 : : (tAB : ctBC. 

Set the 5 of 90? on F, to the 5 of 47^ 2& on L ; 
then againft the T of 53S 45' on L, is the ST 

of-f li^HonF. 

>l 44 52 .1 
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2. fo find the Ug A C. 

The Analogy. J? : sB A :: tB : tAC. 

Set the ^ of ^o^ on F, to the S of 36^0 15' on L ; 
then:ag|inft the ff of 42^ 34' on F, is the STof 28^ 30 
on L. 

3. 7e? /«^ the Angle C. 

The Analogy, R : c sB A : : s B : csC. 

Set the 5 oF 90® on F, to the S of 53^ 45' on L ; 
Aerl ^amft die 5 of 42^ 34^ on F, is the S of 33^ 03' 
on L, 

C^/^ 4, Ambiguous. 

o t 
^ f One of the Le^, as -»• -^C = 28 30 
" ^ ^^^ ^^ oppofite Angle — 5 = 42 34 

I. 21? fitnd the Hypothenufe B C. 

The Analogy, s B : sAC :: R : sB€. 

Set the S of 42^ 34' on F, to the 5 of 28<> 30' 
X>n Z. ; then againft die S of 90Q on F, is the S of 
44P 52' ©n Z.. 

2, 7i /«J //&(? I^jg- A B. 

The Analogy, t B i t AC ^.\ R : s B A. 

•Sfet the^of 42 «^ 34* ohF, to Ac Tof 28® 30' 
db X i thni .agaioft the ^ ^ 9^ on F, is tfae.^ of 
3611.5'onZr. 

3- ^^ 
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3. To find the AngU C. 

The Analogy, c s C J : R : : c s B : s C. 

Set the 5 of di ^ 30' on F, to the S of 90° on L ; 
then againft the S of 47^ 26' on F, is the S of 56? 57^ 
on L. 

Cafe 5. 

Given X The Leg -* y?5 =r 36 15 

^^^^^ t and the Leg — ^C = 28 30 

I. To find the Hypotbemfi B C. 

The Analogy, R : c s AC :: csAB : csBC. 

Set the S of 90^* oh F, to the 5 of 61^ gp'on L ; 
then againft the 5 of 53^ 45' on F, is the S of 45^ 08' 
on L. 

2. To find the Angle B. 

The Analogy^ s B A :R :: t C A \ t B. 

•Set the 5 of 36® 15' on i, to the 5 of 90© on F; 
then againft the J'of 28* 30' on L, is the T of 42^ 34' 
on F. 

3. To find the Angle C. 

The. Analogy, s C A : R : : t BA : t C. 

Set the S of 28<> 30' on L, to the 5 of 90** on F; 
then againft the T of 36^ 15' pn L, is the 7* of 
56« 5/ on F 

1^ See the Remark ac the End of this Chapter* 

Cife 
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Cafe 6. 
^'''^" ** and the Angle — C = 5^ 57 



{ 



I. 7J? ^«^ the Hypthemfe B C. 

The Analogy, t C : c t B : : R : c s B C. 

Set the 7* of 56° sy' on F, to the T of 47^ 26^ 
on L ; then agairift the 5 of go^ on L, is the 5 of 
45^ 08^ on F. 

2. To find the Leg A B. 

The Analogy, s B : c s C : : R : c s B A 

Set the 5 of 42^ 34' on F, to the .J of 33** 03/ on L ; 
then againft the S of 90? on F, is the 5 of 53^ AS' 
on Z. 

3. To find the Leg A C. 

The Analogy, s C : c s B : : R : c s J C. 

Set the S of 560 57 on F, to the 5 of 47** 26' on L •, . 
then againft the S of 90P on F, is the 5 of 61 ° 30' on L. 

In working any Analogy, by the Examples above, 
'tis plain there is no Difficulty by the Sliding-rule, 
when the Analogy contains Tangents, both Greater or 
both Lefi than 45® j but when one Tangent is Greater^ 
and the other Lcfler, than 450, then either the Line of 
Tangents, both on the Rule and the Slider, muft 
be continued out beyond 45<>, to work the Analogy 
by once letting the fiiftrument, or if ( as is moft com- 
mon 
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mon ) the Tangents are numbered back again from 
45^ towards the Beginning, the Inftrumcnt muft be 
twice fet to give jinanfwer. 

Thus in Cafe 5 above, to find the Angle C, we 
have this Analogy ; sAC : R :: tBA : tC. Now 
here, bccagfe tte Tangent of B A^ 36<» 15' is lels, 
and the Tangent of C =? 56^ 57' is Greater than 
45** or Rudius 5 therefore if the Lines of Tangents be 
not continued, as before iaid, the Analogy muft b: 
worked at twice, as in the following manner. 

1. Set the Sine of ^8; 30' on F, to the Sine of 90^ 
on L •, then againft the Tangent of 450 on F, is th^ 
Tangtat of 64© 30' on i. 

2. Then fet the Tangerit of 3 6^ 15' on L, to the 
Tangent of Bi^^ 30' on F\ and againft the Tangent 
of 45 on L, is the Tangent of ^6® sy^ on Fj which 
is the Quantity of the Angle C as required. 

But if the Analogy be altered, and for the greater 
Tangent be taken its Complement, as taught hereto- 
fore ; then it will ftand thus, tBAiR:: sAC 
': ctC^ then fetthit Tof 360 15' onL, to the ^'of 
45* on F; then againft the 5 of 28^ 30' on L is the 



t^{iiif}'>^p. 



And this, in fufch a Cafe, is much the better way, 
and more ' direft and ingenious, thaii that before by 
two Operations, 



VaL n.- T , CHAP, 
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CHAP. XIV. 

The Jixth Method of fotving Right-angled 
Spherical Triangles, by Gunter'j Scale 
and Compafles. 

THE Nature and Conftruftion of this Inftru- 
ment, you have alfo largely defcribed in its 
Ufc in Plain Trigonomeiry^ Vol. i ; to which I 
refer you. And as it is the moft commonly known of 
any other Trigonometrical Inftrument, I fliall not need 
to fay any thing further of it here, but immediately pro- 
ceed to fhew its Ufc, in folving all the Cafes of Right- 
angled Spherical Triangles, in the Manner following^ 

Cafe i4 

r-.vpn S ^^^ Hypotfienufe — 5 C a» 44 ^2 
^^^^" X and an Oblique Angle, as C = 56 57 

!• "To find the Leg A B. 

The Analogy, R : s C .: : s B C i s A$. 

Set one Foot of the Compafles in the Sine of 90®, 
and extend the other to the Sine of 56^ 57' ; then 
that Extent will reach from the Sine of 44^ 52', to 
the Sine of 368 15' = AB. 

2. To find the Leg A C. 
The Analogy, K : tBC :: csC : tAC. 

Set 
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Set one Foot in 90^ of Sines, and extend the other 
to the Sine of 33® 03' ; this Extent will reach from 
the Tangent of 44^ 52', to the Tangent of 28^ 30' 

3. To find the Angle B. 

The Analogy, i? : csBC :: tC : c t B. 

Set one Foot in the Sine of 90®, and extend the 
other to the Sine of 45® 08' -, then, with that Extent, 
{tt, one Foot in the Tangent of 56^ 57', and turning 
the other upwards, it will fall on the . Tangent of 
47*^ 26', whofe Complement 42 <^ 34' = B. 



Cafe 2. 

Given J '^^^ Hypothenufe — 5 C == 44 5''2 
^'^^" t and the Leg -- B J = 36 15 

If To find the other Leg A C 

The Analogy, csBAi R :: csBC : csAC. 

Set one Foot in the 5 of 53? 45', extend the other 
to the S of 90*^ -, this Extent will reach from the 5 
of45«^ o8% tothe5of6i^ 30*. 

a. To find the Angle R 

The Analogy, /jB C : jR :: /yf 5 : rji?. 

Extend the Compaflcs fi-om the 7'of44<' 52', to 
the 7* of 3 6^^ 15' 5 this Extent will reach from the 5 
pf 90S to the S of 47^ 26'- 

3. To find the Angle C, 
Tlie Analogy, sBC i R :: sBA : s C, 
VOL. II. T 2 Extend 
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Extend the Cotnpaflcs fion? the 5 <rf 44** 5»'» to 
the 5 of go** ; this \i»ill reach from the 5 of 36* 15', 

XO the S of 56® 57'. 



Ctf/^ 3. 



9 / 



^. COneLe^as — . J5^«s36i5 
^'^"* 1 and the adjacent An§lc 5 = 42 34. 

1. 2i Jlf«i a6« Hxpotbetfufe BG. 

The Analogy, K : ^iB : : ct/lB : f/BG. 

Set one Foot in the 5 ot 90^ wd ottend the 
other to the 5 of 47* 26' ; this will reach from the T 

of 53* 45' upward to the 7* of ^ JJ ^^ = BC. 

2. Jo Jsd the other Leg AC. 

The Analogy, R : s B J : : t B : t AC. 

The Diftance between the 5 of 90O and S of 368 15', 

wiU reach from the Tof 4^' 34'» » *e ToH^ %o'. 

3. 5^0 /«i the An^ G. 

The Analogy, B,'.e\B4'''-^B'.iiiC. 

Extend the Compaffes from Radius, to the S of 
530 45' i this Extent will reach from the S of 420 34, 
tothc^.of 330 03'. 

' ' . Caji 4, AnMguoui. 

<i I 

f One of the Legs, as ^ AC ^ ^'i- 3° 
^^^=" 1 ftnd an oppofi^e Angle B = 42 34 

I. To f.ni the l^otbenufe B C' 

The Analogy, s B : s AC '.'. R : sBC 

' Extend 
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Extend die Oompafin bom die 5 of 42' 34', to 
die 5 of 18° 30' } duu: Extent inll reach from the 
S of 90", to the 5 of 44? 52'. 

2. to find the Leg A B. 

The Analogy, tB i t AC '.: R i sAB. 

E'jttend the Compafles from the 7* of 42^ 34', to 
the 7'of 28** 30' ■, that Extent will reach mm the 
5 of 90, to the S of 369 15'. 

3. to find the Angle C. 

The Analogy, csCA : R :: cs B : sC, 

Extend the Compaflb fixMn the 5 of 28* 30*, to 
the ^ of 90* ; that Extent will reach from the 5 of 
47 26', to the * ol 56^ 57'. 

Caft 5. . 

r;iv..n i The Leg — AB = 36 15 

^'^" 1 and die Leg - ^C = 28 30 

1. To find the Bfpotbenufe B C. 

fhe Analogy, R : csAC : : es AB : esBC, 

Set one Foot in the S of 90^, md extend the otl^ 
to the S of 61? 30* ; this Extent ihall reach from 
die 5 of 53 » 45', to the 5 of 45® 08'. 

2. To find the An^ B. 

' ■ The Analogy, sBA:Ry:tCA:t B. 

Extend die Cc»npal!^ from the 5of36« 15', ft* 
the Radius ; this Extent ^1 reach from the 7'of 
28.? 30', CO d)e 7* of 42? 34'. 

S^Tn find the. 4ng{*:C^ 

The AnaloiBy, sAC : R :: tBA : tC. 
• ~ • Set 
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Set one Foot in the S ci 2%^ 30', and extend the 
other CO Radius ; with this Opening, ^t one Foot in 
the T oi 360 15', and pitch the other in Ibpc Point 
upward, where hold it fixt *tiU you bring the other 
Foot to the T of 45, and thereon turn the Compafles, 
and the other Foot will fall on the fof 56^ ^f. Or 
you may alter the Analogy, ^^d work it at once. 



Cafe 6. 



o / 



Given both^ the Angles — 7 r — ^6 ^''^ 

I. ^ojind the Hypothenufe B C. 

The Analogy//C : ctB :: R : csBC, 

Extend the Compafles from the ?* of 569. 57% to 
the STof 47<^ 26' ; this Extent will reach from the S 
of 90? to the S of 45« o8^ 

2. To find the Leg A B. 

The Analogy, sB : csC : : R : c s B J, 

Set one. Fqot in the 5 of 42? 554^ and extend the 
other to the ^ of 33^ 03' ; this Extent will reach frpm 
Radius, to the 5 of 530 45'. 

3. 9o find the Leg AC. 

The Analogy, sC : csB :: R : c s AC. 

Extend the Gonapafles- fix>m the S of s^^ 57h to 
the 5 of 47« 26/ ; this Extent will reach from Ra- 
dius, to the^of 61P 30^ 

Thus I hare exemplified the Praftice of Spherical 
Trigonometry, -by thtGunter ; . I (hall next proceed 
to do die lame things 5^ the Globe or Sphere. 

CHAP. 
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C H A ?• XV. 

Thefe^^enth Method oj Sobtng Right-angled 
Spherical Triangles, by the Globes or 
Spheres* 

AS die Globe or Sphere is the very Original and 
Foundation of all Spherical Trigonometry ; fo 
it plainly follows, tnat a Spherical Triangle is 
moft juftly and naturally delineated or reprcfented, by 
the Circles on (and appertaining to) the Surface of the 
faid Artificial Globe or Sphere. For tho* by the Pro- 
jedlions or Planifpheres a Triangle may be defcribed in 
fome fort Spherical, yet it is far from being in its due 
and natural Form, as on the Globe itfelf. And as the 
Form, fo the Solution of a Spherical Triangle is moft 
naturally performed on the Globe. Of fuch vaft Im- 
portance is a due Knowledge of the Globe, and all its 
Furniture of Circles, that without it I dare pronounce 
it an Impoflibility for any Man to have any tolerable 
Notion of ( much lefs will he be able to teach ) the 
Doftrine of ' Spheric Geometry, and the Theory of 
thofe curious Arts which depend thereon. 

I therefore take it for granted, that all who under- . *^* 
take to learn Spherical Trigonometry arie well ac- 
quainted with the Nature, Names, and Ufes of all 
the Circles of the Sphere, as has been delivered in 
the Definiuons; and being thus (Qualified, he will 
cafily "uriderfland wh^t is delivered in the Sequel of 
this Chapter- 
In otder to folvethe fix Cafes of Right-angled 
Spherical Triangles by the Glgbe y I.ftiall chufe fuch 
. , a Pofi- 
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a Pofition of the Globe as is proper to the City in 
which I live, viz. Cbicbefierj whofe Latitude is 50® g6\ 
by Oblervation ; and the Time or Seafbn of the 
Year in which 1 write this, viz. May the 30th. 

A Figure of the Globe ( or more properly the 
^here ) as re£tifiad to this Place, and reprefenting the 
Pofition of the Heavens ( with regard to us } this 
Morning, is here below fubjoin'd. 




The Oblique Pofition of the Gtebe in this Figum 
occafions fcvcral Triangles, both Right and Oblique- 
Ended, to be made on its Superficies ( amongft others 
I ihall make cfa^cc ^ the Right-ang^d Txiaogb 

POS 



spherical triangles hy the Glohe or Sphere, i ^ y 

P O S to fervc my Purpofc here : This Triangle is 
thus made and conftituted. 

t. The Side or Leg P O, is partof the great Brals 
Meridian, and equal to the Latitude, ndz. 50? $6K 

2. The Side O 5 is an Arch or Part of the Hor>* 
zon, e()ual to the Sun's Amplitude frosi die North at 
kiiing pr Settings and is 51 9 48^. 

3. The Side or Hypothenule P 5 is the Arch 0f 
anodier Meridian, fuppofe the EquinodBal Colurc; and 
it is equal to 0ie Sun's Diftance from the Pole or Com- 
plement of its Decnnanon^ ni%. 669 57^ 

4. The Angle O P 5 is the Hour from Midnight, 
and is meafiired on the Equinoctial, between the Brais 
Meridian and £qBino£tial Colore ; and will be found 
to be 57<> 22', or 3 Hours 494. Minutes. 

5. The Angle P SO is the Angle of the Sun's Po- 
fition at the given Time, yAvok Meafuie is the Arch of 
a great Circle comprehended between the JH[orizon and 
Equinoftial Colure at thc^Diflance of ^6^ i and will 
be found to be sy^ 31^. 

VL The Angle P 05 is the Right-angle contained 
between the llorizon and Meridian, whdfe Meafure is 
the Quadrant of Aiticude fixibd in the Zeijith, and laid 
to the Eaft or Weft Points of the HcMizon. 

Having thus de(]^iied the Parts^ and Quantity of 
each Part of the Triangle, we will ntiw proceed to the 
Solution of the fix Cafes «f -a Bight^^^ngled Spherical 
Triangle by the Globe ; as followeth. 



Cafe U 
^'^ t and ^hc Obllque-aa^lc i% P ^ 5I 2a 



i i 



VoUfl, ' V . .Requi^ 



1^6 "Method J* Of folving Right-angled 



C The Sun's Amplitude S0.\ 
Required i^ The Latitude of the Place P O ; 
(^ The Angle of the Pofidon P 5 O, 

In order to folve this Cafe, numerate 57^ 22' oii 
the Equinoftial from T^ and bring that Point to the 
Brafs Meridian ; and there keep the Globe faft in the 
Mefidian 5 then elevate or deprefs the Globe in the 
Horizon, 'till 66^ 57' ( before marked ) on the Co- 
lure does juft touch the Edge ot the Horizon ; then 
will the Brafi Meridian reft in the.Horizonat 50° 56^ 
sssP = the Latitude of the Place ; and the Arcfi 
of the Horizon 5, intercepted between the Meri- 
dian and the Colure, will be fcen to be 5^^.48' = the 
Am'pliftide. The Angle P SO alfo meafured by the 
Quadrant of Altitude, or with the Compafles, will 
be found sy^. 32'. 



I 



Cafe 2. . .. 

^^iven S TheHypothenufe ~ P5 = 66 57. 
4 and one I^g, as — o O = 51 48 3 

C The Latitude — • PO ^ 

Required < The Hour — S P O -^ 

i The Angle of Pofxdon P SO i 

To frame the Triangle, and folve this Cafe, elevate 
ty deprels the Globe, 'tUl 66» 57' on the Colure, 

• touches 51® 48' in the Horizon, reckoned from the 
North -Point 5. then fliall the Horizon . interfedl the 
Brafi Meridian in 50^ 56' «r PO. And the D(^rec5 
intercepted, between the Brais Meridian and Ec^i^inoc-- 

. tiaL Cblune on the £(]uino6tial, give the Q^naty of 
the Angle SPO = 57^ 22^ The Anglc^^ be- 
ing mea&red> will be found 57S 32^ 
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Netey If the other Leg PO had been given infiead 

of S O, you needed only to have rcftifiwi the Globe 

' to the Latitude, and turned it about till 66^ 57' of 

^' the Colure had touched the Horizon \ for then would 

the Triangle have been conftitutcd, as before 5 and it» 

^- * Parts in like manner been foond. 






3V^ 






Cafe 3. 



and the adjacent Angle P = 57 22 ; 



Given { ^5 ^' ?.s - PO = 50 56, 



A- C The Co-DeclinatioR — P S \ 

^'' Required -^ The Amplitude — SO \ 

^'^ C '^he Angle of Pofition ^ P S 0. 

f ^* Firft reftify the Globe to the given Latitude 50^. 

56\ and turn the Globe about, 'till 57^ 22' be inter- 
cepted on the Equinoftial between the Brals Meridian 
and the Equinodial Colure ; then (hall the Hypo-r 
J I thenufe P 5, meafured on the Braft Meridian, be 

1 5; found to be 66^ 57', for the Complenwnt of the Sun's 

4^ Declination ; the Leg or Arch of the Horizon Q S 

y/Wl appear to he 51^ 48', for th? Amplitude ; and 
the Angle P S O when meafured, will be found 

Cafe 4. 

''^ Given S ^"^ ^' ^^ "" ^ =: 5% 48, 

lU \ and an Oppofite Angle P :si gy 22 5 

i 



4 C The Co-Declination — PS* 

^4 Required < The Latitude ^ P0\ 

f i Z The Angle of Pofidon - — P S O. 
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Let the Equinofti^I Cblure and Brafs Meridian 
make an Angle of 57 <» 42', arid having there fixed tke 
Globe, elevate or deprefe it, *till the faid Colurfc bter- 
fefts the Horizon in 51^ 48'; then fliall the C6^* 
Declinitidrt P 5, meafored on xht Meridan, be found 
66« 57' ; the Latitude P O will be feen to be 50^ 56^, 
on the graduated Meridian, and the Angle PSO 
J5S 57« 32' as before. 

Qivto J The Leg ^ PO^ 5S 56, 

^'"^^^ t and the Leg — 05 = 51 48 ; 

C The Co-Declination — P 5 j 
Required < The Hour ~ SPO\ 

£ The Angle of Pofitidh ^ PSO. 

Redify the Globfc to the given Latitude, and turn 
it round •tiU thfc Equiriodial Colure touch the Point of 
5i« 48' Ori the Horizon 5 this being dorie, yoU will 
find the Co-DteHrtation P S :=i 669 57'; the Hour 
from Midnight S PO ==: 57^ 22' ; and the Angle of 
Pofitiort PSOi^J')^ 32^ when meafufed, as be^ 
fore difeded. 



Given 



{ 



Cafe 6. 

5 I 

The Angle at -r- P == 57 22, 

arid the Angld at ^^ 5 ss 57 32 5 



The Latitude — P O \ 

Required ^ The Cd-Declinatioh — P 5 •, 
The Amt)]itude ^ ^^/ 



Make 
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'^ Make the £quino£tial Colure to contain, with the 

odi Brais Meridian, an Angle of 57^ 22', and there keep 
»i0 the Globe faft \ th&i more H up or down, dll, by 
t & the Quadrant of Altitude, you find the Equino&ial 
fin Colure and die Horizon contain an Angle of 57^ 32^^ 
«i the Globe being fixed \ti thtii Pditiori, ^ have tht 
pii Triangle POS formed thereon; in which the Co- 
Declination P Sj will be found 66^ sy' j ihe Latitude 
POy will be feen to be 50^ 56' on thi Mefldlta^ 
and the Amplitude of the Sun's Rifing from the North 
, S d, will appear dii the gfftduated Horizon to be 

^ Si'' 48'. 

j( Thus I have briefly fhtfwii the Manner of folving 

Right-angled &)hericai Triangles by the Globe or 

. Sphere ; I could ihdtied have hem more large on thii 

►' Head, but I abhor Tautology, and an unneceflary 

Prolitity ; for as it Is ah Aflhmt to the Ingenbus, ( a 

Word tb the Wife being ehou^ ) fo it is a fiiiitle& 

IP Labour to the Dull and Braihlcfij ; whofc pitious Fate 

^ is, always to be ignorant and iridocible by any Meant 

I whatever. I am well aflRired thole who have but 4 

f tolerable Genius, and kfiow how to apply particular 

( Rules and Examples to general Ufcs, will, by what 

is here faid, uhderftahd ^hat tvcr is unfaid on this 

Mattel ; for Example, they know how tht Angle 

PS O may be rheafured j as was the Angle S P Q 

in any Cafe ; viz. by irive'rdng the Triangle. They 

alfd know that the fall Cafe might have been relbl- 

ved by changing the Afigles ihto Sides, according to 

^Tbeotm 13, and it& Cerfllary^ with fome other thitm 

of this kind, which I thought not needful! to inrnt 

upon. 
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CHAP. XVI. 

The eighth Method of fohing Right-angled 
Spherical Triangles, by the Stereogram 
phic Projedtion. 

^ I ^HIS Way is (generally fpeaking) more artfixl 
I than ufeful ; not but that to a Perfon well 
verfcd in Spherics, it is of peculiar Ufe and 
Service ; for this Method difpels all Ambiguity, and 
Errors, which attend the Solution by moft other Me- 
thods ; and by a litde Ufe, is very prafticable and 
cafy. So that if the Ingenuity^ Certainty^ Eafc^ and 
Expciditioufnefs^ of any Method, be fufficient to recom- 
mend it, this cannot fail of Acceptance with all thofe 
who have the lead Genius and Tafte for this Science. 
The Problems I Ihall all along refer to, are thofe of 
the Stereographic Proje6lion in the Chapter before- 
going. 

As in every Cafe, the Triangle may be made either 
at the Center or at the Circumference of the Primitive 
Circle, I fhall accordingly prefent the Reader with t;wo 
Schemes^ the one having the Triangle at the Center^ 
the other at the Circumference of the Primitive Cir- 
cle ; with the Manner of conftrudling them, and of 
folving the Triangles in all the fix Cafes, as follows. 



Givenjj 



The Hypothenufe — 5 C = 44 52 
andjone of the Oblique Angles C = 56 ^y 

I. To 



Sph. Triangles hy tbeStereog. Prcje&ion: lyi 



1. To cooftruft the 
Scheme, fo that the 
given Angle may be 
at the Center. 

Dcfcribc the Primi- 
tive — - D £ FG ; 

crofs it with two Dia- 
meters JD F, £ G ; 

majce the Angle at C 

and fee. the Half-Tan- 
gent of— 44^ 52', 
from the Center C to J5 •, 
then thro' the Point 
and at Right Angles to 
draw the Oblique Circle 
lo (hall the Triangle 
be made as required. 




ACB% 



2. Let the Angle gi- 
ven be at the Primi- 
tive. 

Deicribe the Primi- 
tive ~ FCED\ 

crofe it with two Dia- 
meters F E^CD \ 

make by ( Proh. 2 , ) 
the Angle at C 55 

by drawing the- Obli- 
. que Cirde C GD -» 
then ( by Prob^ 7, ) 

draw the Parallel -^ 

at 44^ 52' diftance from ~- 
through the Point of Interfedion 
draw the Diameter — 
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fo will the Triangle ^ — 4 C Bi 

be made as required. 

1. 3V find th^ Lftg A B. 

In Fig I ^ lay a Rffjcr from the Pole a of the Obli- 
que Circle E A0^ to the Point 5, and it will cut the 
Primitive Jn b ; meafure F^ on the Line of Chords, 
and you will find |t 36® 15^. The &me you will find 
it in Eg. 2, if yf 5 be mjafured on the Half-Tangents 
from 90 downwards/ ^ ' 

2. fp. find the Leg A C.. 

' in Fig. I, this. is found on the Half-Tangents to 
|o be 28^ ^q' -, and in the Ftg. Zy AC meafured ^n 
the Chords will be found the fame, 

3. -3^ find the jingle B. 

In cither Figurp, ley a Ruler froih the Angular 
^oint B, ani4-the Pole of the OMique Circle a^ and 
it will cut flie Primitive ip rn ; then the Arch Mm 
meafured on dte Ijnc xf Chords will be fisund to be 
42* 34'v 



GJveo^l 



. Ciife 2. 

• ' ' ■ or 

The yHypothennfe ^^ 5 C 3= 44 52 
-dfid one of the Leg$^ as JM = 36 jf^ 



^ M 
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I. Let the An- 
gle be at the 
Center. 

Defcribe the 
'■i^nfifeve 
• IDFGi 

Ach \vlU the 

gent of 44* 

52' i 
draw the Paral- 
lel CyfA:; 

Set the Half-Tangent of 56^ 15' from — 5 to ^, 
and dte^F the OWiqaef Cade. .: -»• J>4G', 
then wiU the Ti&'ngJf 1 ,«-* J B C, . 

be tha!t' which -ii' t^Bqoired. . . .. 



2. Let the Triangle be 
at the Periphery of 
the Primitive. 

Draw the Primitive 
Circle CEFD; 

fet ' the • Half-Tangent- 
" of 4$^ -o^ Tram' 
'•• -i ■! ' O toi^ 

and draw the Paral- 
lel — HPl 

With die HaU-Tan- 
gpntof — 53** , 

de^be the Parallel 
;\h^ thu)^ die Pojnts 



45'»r, 




Kdrai d^ejgreat QfcSque .Cwte " i T'.r4 *• 
alfo^tSFod^ dirP&irit' ^- ' ^ ^-"" •^— 
draw the Rjlght Circle •— • —• 

thus you have the Triangle >^ 

. T nude aa required* 

"^ yoL. n. • X 



BKL% 
CBF, 

B, 
ABGi 
ACB 

I. To 
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I. To find tbi Leg A C. .•. -, ^^ 

In 15^ I, lay a Ruler from the Pole of tite QWi- 
quc Circle a to the Point C, and it will (Jit: the Pri- 
mitive in h ; then Fh meafureSd cm the Lme of Chords 
will be found 280 30'. In ^g. 2, -^ C it felf nicafa- 
ired on the Chords is the fame. 



2. To find the Angle B. . .• . . 

I * -X . . ^ 

* ' . . 1 . . > . ^ , , 

* In Fig. I, F E is the Meiforc thereof' w 42^ 34' 
on ' the Chords, fe- Ftg. 2 , la/ a "Rijler <»> t^fi JPole of 
the great Oblique Circle a^ and the :At)gialarr:.^int £, 
and it will cut the Primitive in m ; then M m meafiired 

on the Oxords gives the Angle (B the faipc ;. , . 

■*■ " '.1 . . - 

-'■ .' '.-•■ " "\ k'< w. •- '■:• ::• 

in i5|. I, this An^leJs fbiwirmall rcifpcflts.as the 
Angle B \^mFtg. i \ ,afld m;Ftg> ?, the Me^ure 
theieof is ^^ ^ -^6« 57-^, .6b. the Half-tangents 
from Qo5 dowhwaKds. / -i....' ••;-- 

^...^■•; _^^ -jT.. !-.. r, ._:■ ,\r 

• T-JWn lJ^« Leg , ■.■'54' ..■" A'W^'-'^-iS 
^^T t. and an a^icbjjiiiajigte. ;«:i5,|*;Sf4 



t\i\ 



:: ■ r-'cxy Let 



SpbiTriangles ly tht Sterfog. TrnjeBhn. i y j 



I, Let the ^Ycn Angle be at the Center of the Pri- 
mitive Circle. 

Draw the Primitive 
DFG/, 

from the Chords fet off 
42^34*fromFto£, 

and draw the Diame- 
ter — EHs 

alfo fet ofF tfce Halif 
Tangent of 36S 15', 

from the Center B toA\ 

then thro* the Point A^ 

draw the Oblique Cir- 
cle ^ DCG\ 

fo ihall the Triangle 
be ijc^ade as y?as requiijed, 

2. Let the given Angle be at die Periphery of the 
Primitive. 




— — ABC 



Draw the Primitive 

and fet off the Half- 
Tangent of 42^ 34'» 

(fix)ih 90^ downwards) 
from — D to flt ;vj 

then dip* the Point /y,'^ 

draw the Oblique Qr* 
cle — BIiE\ 

fet off 36^ 15' of 
Chords from B to A^ 

and draw the Right 

Circle — — . 

interfe£ting jhe Oblique one in 

fo wiU the Triafigk - 

be conftituted as required. 



.^r: 
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I. To find the HypotUnufe B C. 

In Ftg. ly B C meafured on the Half-Tangent will 
be found to be 44S 52'. In i5^> 2, lay a Ruler from 
the Pole a of the Oblicjue Circle, and^ihe Point C, 
and it will cut the Primitive m b •, then B b mcafered 
on the Chords, wiH be found the lame. 



2. To find the Lifg ; A C. 

In Fig. 2, * yf C is meafured as in Cafe 2, Ftgy i, 
and will be found to be iS^ 30^. But in Ftg. 2, 
^ C meafured in the Half-Tangent from 90^, gives 
the lame. * 



3, To find the Angle C. 

This is found both in Ftg. i, and 2, by laying a 
Ruler from the Pole a of the Oblique Circle, and to 
the Angular Point C, which will cut the Periphery of 
the Primitive in m -, then M m meafured on the 
Chords, will give 56? 57/ = C, as required. 

Cafe 4, 







t 



•Given^f ^^^ ^S — ^C = 28 30, 

^^'^^" (^ and the Oppofite Angle j5 = 42 34* 

I. Let 



f 
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1. Let the given Angle be at the Center. 
Defcribe the Primi- 
tive — DFGI. 

Set of 42® 34' of 
Chords from Fto£; 

draw the Right Cir- 
4e. ^ EHi 

draw; the. Right Cirr 
cle -^ EHi 

fct the Half-Tangent 

of 28? 30' from 

5toO, 

and defcribe the Pa- 
rallel ^KOLi 

through the Point of Interfeftion 

draw the Oblique Circle 

fo ihall the Triangle — 

be made as was requfred. 

2. Let the given Angle be at the Periphery. 
Defcribe the Primi- 
tive — BDFGi 

fet off the Half-Tan- 

gpnt of 47 Q 26' 

•from — -• O to Kj 

and thro^ the Point X, 

,draw the Oblique Cir- 

: cle — BICE I 

.wtth the Half-Tan- 

\ gent of 61® 30^ 

draw the concentric 

^ Parallel LIHi 

thro^ the Point of In- 

terfe^on — 

draw the Right Circle 
lb will the Triangle 



C; 
BAC^ 
ABC 




be made as required^ 



C, 

AF% 
ACB 

1. To 
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I. To find the Hypothenufi B C. . /-' 

This is found in all Refpefts ( in both Figuiw^ as 
in the laft Cafe. • ' ' * - : 

2. To find the Leg A B. 

In Ftg. I, yf 5 meafured on the HaEPTangents is 
36^ 15'; 2Lnd m Fig. 2j a ^5 bemeafured on the 
Chords, it gives the fame. 

3. To find the A^le^ C 

This likewife is found juft as in the laft: Caf^ ^i 
both Figures, - 



Cafe 5. 



Given the two 



T < AC ^ 



s 



r 

28 i<h 
36 15. 



I. Let the Triangle be at the Center. 
Defcribe the Primi- 
tive DJEGI9 
fet off the Half-Tan^ 

gent of 36® .15' 

from — B to Ay 
and draw the Oblique 

Circle — DAG:, 
then fet off the H^li- 

Tangent of 28^ 30' 

from — Bto Ly 
and draw the Parallel 

KLO'y 

thro' the Point of In- 

terfecSion 
draw the Right Circle 




FCHi 
then 
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thcn'fliail the Triangle — 

be made as.requircd, 

.2. Let the Triangle be at the Periphery, 
Defcribe ; the Primi- '^ ^ 

tiwe-— BDEG -, 
fet36o 15' of Chords 

off from B to Ay 
and. dr^w the Right 

Circle ^ JQFi 

then with the Half- 

; Tangent of 61 ^ 30^, 

defcribe the Parallel 

HCI, 

and thro* the Point 

of IInterie£):ion C, 
draw the ObBqiic Circle 
rihea is the ^fTriangle 

made as requirecT 



JBG 




~ BKEi 
— ACB 



I. p) find 4be Hypotbemje B C. 

' Ifeth^ithefe vPjtns .are fburid, • ^> ift the foregoing 
r<€«fes4 tod jBC will ias:f44P.52f v.W^ CrC=.,56^ 57?. 

3, STo fnd the Angle 6. 

. In Fig. I, ^ /^=s 42« 34' ^isHhe?Meafure thereof 
"<M< Ai^iGhdrds ; Nanld ih i^. .2» .I>i£;?s^athc Num- 
*»feCTi6fI)^»eedtoQf«lieTsii^afts-from;^^ ^ ., 

.'•C^; V.'fitfjfe -..■6., ;.; ;, • .--,..:, 

Given the two Angles •[ c~% ly\ 






Having 
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Having defcribed the 
Primitive BEFG, 

draw the Oblique Cir- 
cle — BHF, 

to make an An^le 
with the Primitive 

of — 429 34' 5 
then by {Problem 3,) 

draw the Oblique 

Circle ^ C J D, 
to make an Angle 

at the Primitive of 

56^57'. 
So will the Triangle 

be conftrufted as required. 

trTo find the Hyptabtm^iiliiQ) -r'j v.v/.:: 

Thb meafured.on the Chords Will^be fiuflli fi> Be 
44<> 52'. " -■^-'^f'^^^t 




2. To find the Leg A B. ' 

A Ruler laid from the Pole a of the Oblique Cir- 
cle SHF, and the. Angular Point, ^y ^ill^ogthe 
Primitive in d \ then B d meafured do tln^ iPii[Xt}6) 
will be found 36? 15'. 

2. to find the Leg AC. 

Lay a Ruler from'the Pole b of the Oblique Cir- 
cle CaBj and the Angular Point ^^ and g !^U cut 
the Primitive in tiie Point C ; then C c meafured on 
the Chords, will be fcNtod 2*8| 3o\ 



CH AP^ 
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CHAR XVII. 

The ninth and tenth Methods of Johnny 
Right-angled Spherical Triangles, by 
the Orthohraphic and Scereographic 
Planifpherc. 

TH E Nature, and Manner of Conftnuaion of 
both thefe Inftruments hath been already faUy 
taught m former Chapters -, it now remains, 
that their Ufe be (hewn in fblving Right-anglai 
Spherical Triangles^ for which they are very apt 
(eipecially the Latter ) if made large enough for the 
Purpofc. 

In order to this, it mud be underftood, that each 
Planifphere is to be curiouQy graduated in its outef 
Limb, or Periphery ; that the Semidiameter of the 
Orthographic Planifphere, or Analemma, is to be 
graduated both ways from the Center, as a Line of 
Sines ; and that of the Stereographic Planifphere as 
a Line of Half-Tangents. Alfo, that on the Center 
of each, there mud be placed a Label or Ruler gra« 
duated as is the Semidiameter of the Inftrument to 
which it belongs, in order to be fet to contain any 
given Angle with the Semidiameter. Laftly, there muft 
be all the Mmdians, and Parallels defcribed on each 
Planifphere for every Degree of the graduated Dia* 
meter ; or lome Method for defcribing fuch a 
Meridian and Parallel as is proper to any particular 
Occafion. 

VOL. II. Y Having 
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Having given a Djfcription of thofe two Plani- 
f y.ieres •, I have thereto fubjoin'd a Figure of each ; 
ii which, that I might reprefent the Triangle in the 
f>rcgO!r.g SynopRs ( vnich I have 'hitherto made ule 
d") I. have placed the Labd B L to 4.2^ 34' on the 
Periphery, and defcribed the Meridian which is 36*? 
15^ dilbnt from the Center B, \'\t. B AG \ and alfo 
the Parallel £ F of 2£<> 3 c' ; fo that thereby on 
each PlanifpheFe is oorJtitut^d the Triangle' aforefaid 
ABC', thofe being fufficient to (hew the Ufe of thefc 
Inftruments, I have omitted drawing the other Circles 
which fill up and compleat the fame for univerfal Uie. 
. As the Manner of ufjng euher of thefe Phnifpheres 
is the fame* fo ..I have here treated of both thofe Me- 
thods together in' one Chapt;cr, the Direftions >yhich 
f^rve to xi\i one, fervlng alfo equally to the other. 

And ipdeed were th^k Inftruments made fufficiendy 
large, vizv oi ij., 2, or 3 Feet Diameter, and fur- 
nilhed.with all its Circles, great and fmall, it v/ould 
be a. mod cafy and expeditious Manner of folvihg 
Triangles •, and I queftion not byt the Ingenious Stu- 
dent would foon be convinced,' that the Ufe would 
abundandy compenflite for the Pains and Time expend- 
ed in making them thus large, efpecially the Stereo- 
graphic Planifphere, which is pretty eafily rpade of 
any Size. Confidering alfo that cither of them may 
be contrived to anfwer divcrfe other Purpofes in Affro^ 
norny, ^c, at the fame time, 

But I proceed to their Ufe in iolving the fix Cafea 
of Right-angled Triangles thereby. •, wherein the Rea^ 
dcr muft obferve, that the Direftions equally relate 
tp each Planifphcre\ .the fame Parts on each, being 
marked with thg ia:iie. Letters. 
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Cafe I. 

o r 

Given I '^'^^ Hypothenufe — 5 C = 44 52, 

(^ ^riJ the Oblique Angle 5 = 42 34. 

Irt order to folve^ thisCaftr, move the Label 5 L 
to 42^ :}4^ on the Limb, and there let it abide faft ; 
then obfcrve what Meridian paffeth through the Point 
of 44^ 52' C on the Label, fuppofe DAG-, then 
laftly oblerve the Parallel paflTing through the fame 
Point, ^s EC R 

1. Then will that Meridian interf-ft the Diameter 
or Eqiiinoftial in A at 36^ i^^ = A B, the Bif^. 

2. The faid Parallel will cut the Limb in £ in ^8^ 
30 =: //C, the Perpendicular. 

3. To find the Angle C ; you muft alternate the 
Legs A B and yf C ; making A C the Bafe, and AB 
the Pcrpendiculuri And then apply the L.abel or In- 
dex to the End of that Perpendicular, and it will 
cut the Limb in 56^ 57' 5= C. 

< ♦> 

Cafe i, ' 

i 
r-' ^ C The Hypothenufe — 5 C = 44 52^ 
• G'^^" i and th/lrg - J B ^]l 15. 

Move the Label upwards and downwards, till th&t 
Meridian or great Circle D A G, ihterftxfting the Equi- 
ndftiar at Right Angles in Aj foall alfo pafs through 
the Point C ^ 44^' 52' on the- LabeL and there hold 
it faft. Then 

: I. The Label will cut 42 « 34^ on the Limb for the 
Angte 5. . < . . : 

2. The Parallel F E paffing through C Ihall be 
the Parallel of iz 8*^-30' «^^v' .' 
. VOL. II. ^ Y 2 3. The 
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3. The Angle C is found by alternating the Legs 
ji Ct ABy as before. 

Cafe 3. 

Given i'^^^ - ^5 = 36 15. 

^ ^ and adjacent Angle — 5 a= 42 34, 



{ 



Place the Label to the Quantity of the given An- 
gle on the Limb, viz. 42? 34' ; and then to find 
Requifites, 

1. Obferve the Point C in which the Meridian paf- 
fing through 36^ 15^ of the Equinoftial at-^, inter- 
fe<£ts the Label, and you will find it to be in 44^ 52' 
as 5 C, the Hypothenufe. 

2. Obferve the Parallel which pafledi through that 
Point of Interie£tion C, and you will find it to be 
FEoi 28« ^d ^AC. 

3. The Angle C is found as in Cafe i. 

Cafe 4. 

Given i The Leg ^ AC^ 28 3^, 

7. ^d Oppofite Angle — 5 = 42 34. 

Set die Label to the given Angk on the Limb, vi%. 
42 » 34', and there keep it fafl ; then to find the 
Requifites, 

1. See whttie the Parallel of 28 30' touchw the gra- 
duated Edge of the Labels which you^l find to be in 
C at 44^ 52' =4: S C, the Hypothenufe, 

2. Obferve where the Meridian paffing through tlie 
Point df Int^'fe&ioft C, cuts the IXamecer or Equi- 
noctial ; and you will fee 'ds in A^ at 369 \^ ads BA^ 
the Bafe. 

3. The Angle C U founds as in C^ u 

Cafe 
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Cttfe 5. 

Given both the Leg. {^^Zf^ji: 

Move the Label upwards •till fuch time as it meets 
with the Point C, where the. Parallel F E of 280 30^ 
interfc6ls the Meridian D AG oi 36^ 15', and there 
let it reft. Then 

1. This Point of Interfeftion C of the faid Meri- 
dian and Parallel, will coincide with the 44^ 52' on 
the Edge of the Label, and is the Quantity of B C, 
the Hypothenule. 

2. The Degrees and Minutes cut by the Label on 
the Limb of the Planifphcit is the Ai^k B^^i^ 34'. 

3. The Angle at C is agam found as directed in 
Cdfe I. 

Cdft.6. 

Given both the Oblique Angles { J * I5 ^^' 

This Cafe nbt being tonveniently wfote on thde 
Planifpheres direftly ; muft be reduced to Cafe 4 of a 
Side and k$ oppofiGe Angfe \ thus in iht Trian^e 
LDC^ being oppofite or vertical to the Triangle 
Ji BC oi which the Angles are known« we (hall have 
die Side ,L £>, and the Angle LCD aHb known ; 
fof the Angle 1 C D as ^T C 5 ;ix 56© 57' i and die 
Side LD :at j^y^ %& the Complement of the Angle 
ifi, or Arch Which is the ]Vfedur« thereof. Confe- 
<yieddy X) C, the Coitif^bn^erit of AG \ LC^ the 
ComplenSkent tt B C i and the Angle LDd the 
Complemenc oi AB^ tmy all be known by the faid 
€4/^ 4, if C L be made Baft^ and £ JD the Gate- 
tus 4)r Pe^tpendicufeY.L^^ 

fhui 
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Thus have I Ihewn the Ufe of Planifpheres in this 
refped to be very cafy and facile both to be under- 
ftood, and to praftice ; and here I end the Ten various 
Methods of folving Right-angled Spherical Triangles ; 
which may be alio applied to Oblique-angled ones, 
when reduced to right on^s as is taught in the next 
Chapter. 



CHAP. XVIH. 

Of the Doctrine o/^^Oblique-angled Sphe- 
rical Triangles y a Synopfis of the Six 
Cafes thereof 5 77;^ 'Method of ^folVmg 
them by means of a Perpendicular j ayid 
Rules for the Solution of' all AnAu- 
guities attending them in any Cafe.. 

TH E Nature or Dodrine of Oblique Spherical 
Triangles is to be well underftood by thofc 
only who are well acqiiainced with the Circles 
of the Sphere, the Doftrine of Projeftion, and the 
Demonftratiori of the foregoing Trigonometrical The- 
orems ; thefe Things are theXjfrounds and Rudiments 
of this Part of our Art ; in all which the young Stu- 
dent is prefuppofed to be cohfidei*ably well Vcrfed, *erc 
he enters on the Dodtrine of Oblique Spherics. 

In Oblique Trigonometry we labour under the fame 
Misfortune, with regard to the* Uncertain, >promilcuou5, 
an4 undue Limitation of the Number of Cafes, as 

before 
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\ before we have met with in Right-angled Triangles, 
I from all the Authors on the Subjeft, that I have 
j yet f^n^ Yea, even the great Mathematical Critic, 
; Mr. CuHH himfelf, has taken no notice of this Matter ; 
I when, he undertook to correft Dr. Keil^ Dr. Harris^ 
' Mr. CafwelU Mr. Heynes^ &c. in the Affair of Ambi- 
guities ; ( which he hath performed with laudable 
Succefs. ) 

This happens to be the Effeft of a wrong Notion 
of what is properly a C:x.k of ^e Solution of a Tri* 
angle, which I have more than once (hewn to he, 
when there are fufficient Data, or Parts given, where- 
by the whole Triangle may hz rcfolved or become 
I known in every Part, and which require different Ana- 
logies for the Solution. The Writers on this Subject 
< generally make twelve Cafes of Oblique Triangles, 
but I a litde wonder at their Moderation •, for accord- 
ing to their Notion of a Cafe, they might very rea- 
sonably have claimed eighteen •, for that was the leaft 
Number that could be denied them. 

Bat 'tis moft certain that inftead of twelve, there 
are really but fix Cafes of Oblique Triangles ; for 

1 . There may be two Angles given, and a Side op- 
pofite to one. 

2. There may be given two Angles, and the inclu- 
ded Side. 

3. There may be given two Sides, and the Angle 
included. 

4. There may be given two Sides, and an oppofite 
Angle. 

5. There may be given all the three Sides ; and 

6. There may be given all the three Angles. 



And thefe are all the Varieties of Cafes which can 
happen in an Oblique Spherical Triangle ; for it mat- 
ters not what two Sides, or what two Angles, are given 

in 
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in any Cafe ; the Rqle or Analc^ies tieing ftill the 
feme. 

Having thm fettled and determined the Number of 
Cafo in Oblique Spherical Triangles, as I have before 
done in all other kinds of Triangles ; and which in- 
deed was neceflary to be done, fince according to the 
juft Obfervation of the Poet 5 

EH Modus in Rehus^ funt certi ienifue Ftnes^ 
^uos ultra cHrdqve nequit conjijiere Reilum. 

1 fhall now treat of the Method of folving thefe 
forts of Triangles by fneans of a Perpendicular, which 
being let fill, reduceth the Oblique Triangle into two 
Right-angled ones ; and this (as Mr. C«;f» obferves ) 
k undoubtedly the fhorteft and beft Method for find- 
ing the ^^fita in any Cafe where the Solution cannot: 
be obtained at one Operation. 

In order to this, we muft firft determine whether the 
Perpendicular falls within or without the Triangle 
given ; which Matter is fometimes certain, and fome- 
times ambiguous or doubtfull. If the Angles at the 
Bafe ( or Side on which the Perpendicular falls ) be 
t)oth known, then 'tis certain how the Perpendicular 
ivill fall 5 becaufe if they "are both of a Species, that 
is, both Acute or both Obtufe, then will the Perpen- 
fJicqlar fall within the Triangle> by Theorem 22 ; but 
if they arc of a different Species or Affedkion, that is^ 
one Acute, and the other Obtufe, then ftwU the Per- 
pendicular fall without the Triangle. If only one of 
thofe Angles be known, 'twill be uncertain whether ihc 
Perpendicular will fall within or without the Trianele ; 
^11 this is evident &oni the Demonftration of the afore- 
fiid Theorem 22. 

To illuftrate the Matter, I have prefentsed the Rea- 
ider with three Diagrams in the following Synopfis, 

which 
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whklh'prefents to thfe View all the whole Myftery of 
t^lique Trigonotnetry I for in the Triangle BCB^ 
. if the Sid* if Z) be fuppofed to be the Bafe, as in 
Biagram i, then becaufc the Angles at the Bale, 5, D, 
are rf the fetnc Afieftion, viz. both acute, therefore 
^e Pcrpeiidictalar C /f falls within the Triangle, ahd 
diridek it into two Right-angled Triangles, A B C, 
and ^ DC. 

But in Diagram 2, ^2) being made Bafe as before; 
blecitift thft An^s J! and 2) at the Bafe, are of a dif- 
ir<*eht Affection, therefore the Perpendicular A C fells 
withbiit die Triangle t' «nd makes two Right-angled 
Triangles ABC and AD C^ by Addition of the 
Lata^v. . r 

The i3i«K! tfiift[g happens in Dia£r^fn j, in an in- 
'^rfeOwterto«helftft. • 

Thm fa lyiag^afH iiy ffie triangle B7JC having 
c#o sfcuie Ahgles? B^ G,;fctth^ Bafe B C, is divided by 
the Perpendicular D3 falling ^tchfei into the two^ 
Rig^t^angted Trfeingfes ^ 5 D, C J5 ; bnt in Dia- 
gratk u arid 3, the Pertendicular falls without, bfe- 
tauft B ind C ar<5 6f dilferent ABeftfen; - . ' 

Sb likeif^lfe iA Diagram j, ifhfc Triangle 'C 5^ IJ 
Jfaviftg tti« t^b acuft Arigies e, I>, at! the Bafe CD^ 
ii the . Perpendicdtw' #k falling within, divided inw 
the two Right-angled Spherical XriangleS ^ C Bi 
^ liB \h^ in Diagidiii I y and 2, the Pemendicular 
falls 1?rtthotic, becaiife G and D are of a different fort. 

^Mc*W^ef biaeauit either. Sdc of a Tmngle niay be 
Aiidt theBttfe,^ krild'frditi eiftier Angle we may lit 
Mt\imiftAd^^ , *eidFore it is that thcrt is fucH 
v«ftty» of 'f riari^i trfoducid a^ is obfexvabk in- the 
^^ Hiit^i'ami fd. Hirce iii eadr tHa^rami ^ f^ 
ilight-an^y aiid tfne ObKquMifigl^* - 
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Ci, JBCi^ !^t>B,SLBD. 

Thus in i)i^^r/z/« < 2, are >BDC, ^CBi ABC. 
U. 3C5D, ADCySlCD. 

the Perpendiculars in each Diagram are numbered 
I, 2, 3 ; that in each Diagram the correfpondenc 
Triangles may the more eafily be difcerned ; for they 
ftand thus in the feveral Diagrams. 

TotheCi, 7C5Z>3, ^CSi^ kDBt. 

Perpendi-<2, belong ^BCD i, ABC 2, ADC 3. 
cular ^3, ^BDC z.SLBD i, ^ CD. 

Note J The Numbers i, 2, 3, annexed to the Tfi- 

. angles, fhew to which Scheme they belong. To all 

thele correfpondent Triangles the lame Analogies do 

equally appertain ; and nothing but the Addinon or 

Subftradlion of a Side or Apglc found makes any dif- 

, ference in the Operation. 

I have fubjoined to theie Schemes a Synopfis of all 
the fix Cafes with their Varieties^ and the Analogies 
proper to each ; together with the Theorenis by which 
. each Analogy was formed. Note^ The Figures.!, 2, 
3, under the Quaefita fhew the Perpendicular f<»*ming 
.the Triangle to which the Analogies for finding the 
fame do belong. 

I fhal] nowihew the Practical Method of. Reviving 
all thoie Cafibs of an Oblique^^angled Triangle' by the 
Canon of L^arichms ; and .(hall add a Solution of 
the Ambiguity of each Cafe asl go along *,' and fi> 
leave nothing that may leave the young Learner Jn the 
,leaft pofSble Obfcurity or Hefitation. But befoiv I 
.60 that, the Learner niuil be admoniihed of (hele two 
Rules for letting fall a Perpendicular, 'viz. .. . ^ 
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Ride I. Let the Perpendicular fall from the Ex- 
tremity of the given Side, and let it fubtcnd a given 
Angle, 

Rule 2. And if the three Parts given be contigu- 
ous, let it fall from the Extremity of the Side Ibught, 
and let it fubtend the Angle Ibi^ht. 

In the Solution of thoie Cafes of Oblique Triangles, 
the Reader is fuppofcd to have his Eye upon the 
Schemes or Diagrams in the Synopfis, obferving the 
proper Triangle in every Operation. 

Cafe I. 

e t 
C The Angle — 5 = 20 08, 

Given < The Angle — /) = 28 33, 

^ The Oppofite Side 5 C = 44 00. 

I. To find the Side C D. 

The Analogy, sD : s B C : : s B : s DC. 

)^ As theSineof the Ang. ^=28** 33' Co, Ar. 0.3206398 
IstotheSineoftheSide5C=44*^ 00' — 9-8417713 
So is the Sine of the Angle 5= 2o* 08' — 9.5368184 

To thcS'uie of the Side D C=»30^ 00' — 9.6992295 



Of the Ambiguity of D C. 

The^ Side D C is fometinxes ambiguous, and fbmc-; 
times not •, in order to know \«rhen *tis, and when Yis 
not fo, proceed thus \ 

VOL. n. Z 2 Add 
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Add together bqth t;he given Angles { £> = 2 8 3 3 
Their Sum is (lels than 180^ ) — 48 41 



Then to the leflcr Arch of — i? C = 30 00 
Add the Side given ; — .. r— 5 C =? 44 QO 

Th^h: Sum }s ( lefc than i8p^ ) -^ 74 oa 



Again to greater Arch, or Comp. of D C s= 150 00 
Add the given Side — r* B C 44 00 

Their Sum is ( greater than i8q^ ) — 194 00 

Now becaufe the Sum of both the Angles at Bafe, 
viz. 5 + 2> = 48®. 41^ is lefs than two Right- 
angles, or 180^ ; therefore the Sum of the two Sides 
JB C + C D muft be lefs than 180^, by Theorem 12. 
Hence becaufe ^he Sum of R, C^ antfl the Wer Arch 
ot DC, is only lels than 180% the leffer Arch of 
JXC ^ 309 00' can only be acJmitted \ aod io is not 
ambiguous here* but had the- Stt;^ of xkt Skk B C 
and the greater Arch of JE) C been lefs t^att |8q^» 
thea eidier the greater or lcfl?r Arch of D C might 
have been allciww^.Mid then wouH have been Ambi- 
guous. The Rcverfe of this is true when the Sum o€ 
the An^es at Bafe is greater than i$o^. 

2. To find the An^ B CD. 
'vu. A«at^«;.e f<^5C : ^ :: ciB : t BX A. 

As 



ly Meams of » Petfen^eitlar, 17 j 

As tjic Co-fine of ^hfi Side |{ C ™ 44^ oo' 9.8569341 

1$ to Radius — ~ 10. 

So is the Co-tang* of the Ang. 5=s2p^ 08* 104357981? 

To the Tang, of the Ang. BCJ=zy^^ 14' 10.5788641 

. . I I ■ III 

Then AS the Co-fmeof i?«s?o^ 08I Ca Ar. 0.0173834 
Is to the ^e of 5 Cv^ =* 7^^^ »V — 9.98541$* 
Sois fjh&Cb-finei^ I>*ii^8* 33' — • 9.9436925. 

To d^e Sine of J)C4r^ 64^ 46* -- 9.9564897 

Wherefore BCA^DCA^BCD in Di^. i. 

But BCA^DCA=BGD in IX^^. 2, and 3. 

Becaufe in Di^j*. i, the Angles at Bafe B and D are 
bodi of the feme Aftdlion, thercfi;>re the Perpendicu-. 
hr- AC falls within the Triangle, by Theorem 22 ^ 
but becaufe thofe Angles are of. a different fort in Dia- 
gram 2, lEind 3, it there falls Witfiout ; and in each 
rcfpedk, it falls according to Rule 1. 

Of the AnAiguily ^ B C D. 

Of o ' 

To the lef. Arch of DC Am: 64 46, great. Arch 115 14 
Add the Angle BCAsays 14 75 ^4 

TheSonv are -^ HO 00 adjid 190 28. 

Hence it appears, that the lefler Arch of D C A.c^lti 
only be admitted •, fince the greater Arch with the 
Angle BC A exceeds. 180^. But had both thefe 
Sums been kfi than 180®, then either the greater or 
lefier Arch of I><J -rf might hiavebeen added to B-C A- 
for ^ Angle B C Dy ivbich then would have been 

ambi^ 
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ambiguous. Hence we have the faid Angle BCD:=s 
140*^ 00' ; the Perpendicular falling within the Tri- 
angle, zs in Diag. i. 

IRut if the Perpendicular fall without the Triangk, 
as in Diag. 2, and 3, where the Angles at Bafe 5, D, 
are of different fort ; then -when the greater Arch of 
DC A is lefs than the Angle BC J, the Angle BCD 
will be had by fubftrafting either Arch of DC jitrom 
BC A\ and then B C Dv& ambiguous ; bat when 
the greater Arch of D C -^ is greater than the Angle 
BCA, the lefler Arch oi D C A fubdufted from BCAy 
will only give the Quantity of 5 C D, which then is 
not ambiguous. 

3. To find the third Side B D. 

T-i,. An^wuc S R : csB -.: tBC : tBA ' 
The Analogies \^d, ^ S:: sBA : sDA. 

As Radius — — lO- 

To the Co-fine of 5 = 20^ 08' — 9.972616$. 

So is the Tangent of 5 C = 44^ 00' 9.9848372 

To the Tangent of 5 ^ = 42*^ 11' 9*9574538 

• t 
Then, as the Tang, of D = 28 33 Op. An 0.2643323' 

Is te the Tangent of J? = 20 08 — 9.5642018, 

So is the Suie of 5 -^ = 42 11 — 9.8270493 

To the Sine of D ^ = 26 54 — 9.6555834 

In the Diag. i, where the Perpendicular falls within, 
we have B A + D A:=z B D. 
But it is BA-^-DAssiBDy in Diag. 2, and 3,^ 
Inhere the Perpendicular falls without t^e Triangle. 

Of 
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Of tbe AmbiguHy of B D. 

l^otbe lef. Ar.of 2)yfss26 54, and to its gr. A. 153 06 
Add Part found BJ^^i 11 — 42 1 1 

The Sums are — 6^ 05 and •— 195 17 

If both tkefe Sums had been leis than 180^ then 
either Arch oi AD added to B A would have given 
the Sde B D, which therefore would be then ambi- 
guous i but as only the lefler Arch with B A makes 
a Sum lels than 180^, that Sum alone can be the 
Quantity of B D = 69^ 05', and here is not am- 
biguous. , 

But when the Perpendicular falls without the Tri- 
angle, as in Dia£. 2, and 3 ; there when the greater 
Arch of D -rf is lefs than BAy BD will be had by 
taking either Atth of tf A from B Ay and then B D 
is ambiguous. Otherwife the lefler Arch of D4 t^iken 
from B Ay leaves B D without any ambiguity* 

Cafe 2. 

C The Angle — A ^ 20 o8» 

Given < The Angle — C s 140 0O9 

/, The.includedSide — . J3C = 44 0Q# 

I. To find the, AngU D. 
The AxialogKa ^^^^^ . ,^^^. . , , ^ , ,,^. 

• • • s ;.. . 'V , ' 
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As Radius •— — »•. lo. 

Is to the Co-fine oi BC-ss 440^ 00' — 9.8569341 

So is the Tangent of B = 2o<^. 08^ -^ 9.5642018 

, ^ 1 ■ > t i i ■ 

To the Tangchtof BCA 5= ys^ 14' -^ 945^^359^ 

-.. then C-^BCA^ DCJ=z 64 46^ 

i^dtefore &y asSite WAtri^s 14 Co. Ar. 0.0145862 
fe to the Sine of i>CA^6^ 46 , --- 9.9^564466 
So is the Co-fifie of Bttio dft -^ 9.9^16166 

■I I ' il I I ir't 

To. the Co4ne df i)iK2.8 33: r •^ .9#943^494 

Here the given Parts being c6n{;ernJiinous^ ftx.Pet^ 
Jtefecficttlar fails aeeot-dihg t!o fer^ ''. 

This Ang^ is daaF ef j^t|]b|gi]i«y 1 for VAC A 
be lefi than 5 C I), the Angle D ( oecaufe the Per- 
pendicular falls withm ) (hall be of the fame Species 
With the given Angle & 

I^ BC J be greafet- than 5 C D, then the Anglcs^ 
J^ aod Z> win be o£ 4£Berent filpcQlesi by ^theorem 22. 
-— ' •• ^ 

*. fS find m Sldt'ti'tii ' 
The Analogies ^^^^^ . ^^^^ , , ^^^ , ^j^^ 
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5 i 

Xhm fay as Co-fine of DC Asz 64 46 C- An 0.3 702 7 8^ 
Is tt> the Co-fine of 5C-^=; 75 14 — 9.4063413 
So istheTahgpnt of ^0=4400 — 9.9848372 

To the Tangent of 2)C=30 00 -— 9.7614574 

qf the Ambiguity of D C 

This Sde is here not ambiguous at all ; for ( by 
^e$rcms ij8, 19, 20, ) if the Angle D C >f tfe fimi- 
l»r to the Angle given B ( that is, if ^ 2> be ftnal* 
lar to -<f C ) as here, then the leflcr Arch of D C ss 
30? oo^ can only be admitted. It thp Angles i)C^ 
and J3 aip diflimilar^ then DC fhall be greater than a 
Qajadraqt 

3. To find the Side B D. 

T8h# A««i«;-^1 R : csSC :: tC : etc Bif. 
«ic Anajpgicsj;^^^^^.^^^^^..^^^^.^^^^ 

As&aifiusi .r-? -^ 10. 

To the Co-fine of JB C =» 44® 00' — 9.8569341 

So is the Taogoiit of C s 140. 60' — 9*9238135 

X^ Ih? Owvgent of CJ^=58<> 53' — 97807476 
Now i C 5 « + B li=ie B D in Dial. x. 
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Then lay, as Co-fine of n5G=58 53 C. Ar. 0.2866923 
Is to the Sine oF k 5 ^=79 01 — 9.2799484 
So is the Co-tangent of jBC=!44 00 — 10.0151628 

To the Co-tangent of J5i)=s69 05 — 9.5818035 

Of the Ambiguity of B D. 

This is never ambiguous, being of the fame Nature 
as D.G^ in the laft Variety of this Cafe ; fee Biag. 3. 

Note^ Here once for all, that becaufe « 5 { the 
Complement of the Perpendicular which fubtends the 
vAri^e C ) fubtends the Complement of C •, therefore 
'(in T>iag, 1!,) it muft be thus, if the Angle^e5D 
\>t fimilar to the Complement of C, viz. uC B y (or 
the Complement « i5 be fimilar to n D ) then B D 
Ihall be lefs than a Quadrant. But, fcfc. 

Cafe 3. 

r The Side — 5 C =b 44 oo 

Given < The Side — 2) C =s; 30 00 

^ and die Oppofite Angle C as 20 08 

\. tit find tbi Side BD. 

• Tfc. «- 1 • f R • cs B :: tBC i t SJ. 
The AnalogKs^^^^^.^^^^.. .^DCxcsDA, 

As Radius — — -^ . lo. 

iTo the Co-fine of 5 == 20^ 08' — 9.9726166 

So is^hcTangent of 5C==44* 00' —9.9848372 

To the Tangent of BA = 4208 1 2' —.9.9574538 

Then 
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Then fay ; 

o r 

As the Corfine of 5 C = 44 oo Co. Ar; 0,1430659 

Is to the Co-fine of 5yf == 42 12 — 9.8697037, 
So is the Co-fine of D C = 30 00 — 9.9375306 

To the Co-fine of D -/f = 26 53 — 9.9503002 

Of the Amhiguity of B D. 

Pecaufe jB C is left than a Quadrant, and the An- 
gle B is acute, therefore the Angle BC Av& alfoacute, 
by Theorem li ; and therefore alfo the two Sides 
AB^ and AC^ are each lefs th^n Qaadranics by Tbe^ 
orem 18. 

Again, becaufe C Z),i5 IqIs than a Quadrant, there- 
fore both the Angles AC D and D are of the fama 
Affeftion^ witlv one another,. aind alfo with their oppo- 
(ite -Sides A D and A C ; which therefore are of the 
fanie Afl&dtion. . Buc A C \^ lefs that) a Quadrant (as 
above, ) then fe is ^ D, and fo confequently are both 
the Angles Dafid ACS ; and thei*efora the Angle 
D being oF the fame Species with B in Diag. i ; the 
Perpendicular falls within the Triangle, and confe- 
quently B A-^BA^BD. 

\n the^fame Manner we prove, that if D C were 
greater than a Quadrant, tfien the Angle ACD and Side 
if'D' would "be of k' difierent Affeftioh from B ; but 
the ' A'ngle D is the fame with it ; ^nd io in this Cafq 
alfo the Pehpendicalar fallcth within. The 'contrary 
alfopf this'is trtjfe ; -viz. If 5 be obtufe, then whether* 
i) C^bc greater or leflefr than a Quadrant, the Angb 
D ftiall' ftill differ in. Specie from it -, and then the 
Peipendiculair falls without ; B A — AD =z BD. 

If Z) ^ be lefs than AB, and alfo thef?uni oVA D 

syid -^5 be lefs than a Semicircle, or rSo^ ; then 

- VOL. II. Aa ^ AD 
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^ D either added to, or fubftraded bomAB^ gives 
the (Quantity of J5 D, (when ti* Species of the Angle 
D is not known, ) and then is ambiguous. 

But thcrfe can be tio Anibiguity when the Specie* 
of the unknown Anglb 1), fiibtendihg a given Side, 
is known ; as I have above deint>iiftmted. 

2. 7i find the Angle Q 

^, A 1 • C R : c sBC :: tJS : ctBC A. 
^^^"^"^"^itDCitBCiicsJSCA.csD&A. 

We find BC A:=±'75P 14', as iri the fird Vt- 
rkty of the laft Cafe. 

thtti fay i 

As the Tahgciit of i) C fc 30 bo C6. Ar. p.t^i^^i^ 
Is to the Tangent of flC iaa 44 66 '*^ ^-9845372 
So is the Co-ftic dt BCA =s: ^^ 1 4 -^ 5-40<534i 3 

To the Gp-fine of DC A ss 64 4(5 — 9-629721 1 

Of we Amhiginty of the Anik C. 

i ftewed qnder the laft Variety of tl)is Qiie> tKat 
ttie Angle 25 C -^ and Side A 1), *ould be pt, thi 
fame Species^ witR the ^ven Angle £^ wKei;| Pj^/^ 
lels than a ^^drant ; and of ;^ diluent AifciStion 
Irom By when x) C |s greater than a Ou^rao^ 

And now if Z) C ^ be le6 than B *C, and if J5C^ 
'^DCA be Icfs than 1 8oj» y then 2) G ^ either ?d- 
^ed to, or, fubftrafted feom ^ C :4; yiU giv<i ilic An- 
^ C i which then }» imbigaous« ' 



"1 



if B C ifbs greater than B C A, or the Sulhdf 
BCA-\- DC^ be greater !han i^d* i then tHdf Sttm, 
if the Perpendicular falls within, but their Difiercnce, 
if the Perpendicular tails without, Ihall give the 
only Quantity of the Angle C •, which then is not 
a/dbiguous. 

g. To find the Jh^ i). 

The Analogy* sCD i sS '.x ^BC : sp. 

AsthcSinc of ■=- D C a 3© tto Co. Ar. 0.3007705 
b TO the. Sine ;of ^ = 2t) io8 — ^.s^etii^ 
So is the Sine of B C = 44 00 — SM^TJ^i 
T<J the ^iilc of ~ i) = i8 35 — M7^.^^%. 

Of the Mhipaly of D. 

Hi ^ V 

1^0 the \k. AV. of iii=28 ^,^, afld te the gr. Ar. i^i 'ij 
Add thfe Angle B± 2a 68^ — . g<^ ?? 

the Sams Tire ~ ,48 414 aiid .»7t,3^ 

Now becaufe the Sqm of the Sides, wz. ^ f + 
f5 fc = 7i« dd', is left thWh itoS ^a ^Ib bbth 
the Suitii df B atiatslther An^bf 2), iitl^ftthan 
i8o« ; thcrefon: either the greater or lefler Arch of 
D may be ajIKiittcd •, And tlitts it is ambiguous, as 

in this Inftance. . , , « ^ .* 

But ff tJuly X)tK of th6ft Sums hgd bedi 3* ttan 
i:8o*, then onlS the kffer An* Of V WJ6ld be alt 
kn»edi w- if Ae Sum of the SidcJ 5C +©<: 
were fereilter than !«©•, and cttly <5Wof «*«*«;» 
of the Aisles were greater than 18009 then.oni^ em 
to^eatcr Arch of D could be the true j and fo in 
r ■ ' either 
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cither of thefe Cafes, tfie Angle D would not be 
ambiguous ; all this is clear from Theorem 12. 

- rCafe 4. 

C The Side — 5 C s= 44 00, 

Given < The Side — 5D = 69 05, 

/. The included Angle — 5 = 20 o8^ 



I. Td find^ the Side CD. 
The Aualogies| ^^^^ ^ ^^^^ ^ ^ ^^^^ ^ ^^ 



We herp find. 5 4 = 42® 12', as in the firft Va- 
riety of Cafe 3. 

Then fay ; 



o 



As the Co-fine of 5 -^ = 42 12 Co. Ar. 0,1302965 
Is to the Co-fine of 5 C =c 44 00 — 9-8569341 
So is the Co-fine of D-^ =; 26 S'^ — - 9.9563303 



rarr 



To the Co-fine of D C = 30 oo — r- 9 9375607 

Here the Perpendicular falls according tq Rule a, 
the three given Parts being all conterminous. 

Of the Arnbiguity of D C. 

If -^ D be fimilar to A C, or the Angle 5, • then 
the Side DC (hall be lefi than a Quadrant; but if 
>^ D be of a different Affcdtion fi-om AC or the An-^ 
gle 5, then D C will be greater than a Quadrant 1; 
by Theorems 19, and 20. ^ ^ • 

• 2. 3% 



hy Means of a Perfendicular. 183 

-"- -■ ■ - . , 

2. To find the Angle D. 

The Analogies ^ ^^^ :sBA::iB:tD. 

Here again we find i? if and 2) ^, as before 4 
then fay ; 

As the Sine of D ^ s 26 53 Co. Ar. 0.3446932 
Is to the Sine of jB yf = 42 12 — 9.8271887 
So is the Tangent of B = 20 08 — 9.5642018 

To the Tangent of D = 28 33 — 9.7360837 

Of the Ambiguity of D.. . 

If 5 ^ be lefi than B A die Perpendicular falls 
within, and then the Angle D is of the fame A&Aion 
with the Angle 5 ; by Theorem 22. 

But \i B A ht greater than B D, the Perpendicu- 
lar falls without, and confequently the Angle D is 
different from the Angle B in Specie, by the fame 
Theorem. So that the Angle D in this Cafe is m no 
wife ambiguous. 

^. To find the Angle C. 

rj^. . I . C R : csB :: t BD : tB gi. 

As Radius — — — 10. 

Is to the Co-fine erf 5 s= 20* 08' — 9.9726166 

So is the Tangent of 5 D = 69* 05' 10.4177136 

To the Tangent of £ j3 » 67^ 51' -^ 10 3903302 

Then 



]^4 ^^ Methdoffplvi%0 
Then 5 a — jB C = C a = 23^^!' 7 Hence 

M the Sine of* Cjat= 23 51 Cp, Ar. 0.393^494 
Is to. the Sine of £ a = 67 51 — 9.9667048 
So is the Tangent of 5 = 20 08 -— 9.564201 8 

To the Tangent of C = 140 00 — 9^1x4 j^j^p 

C^ /j>tf: Ambiguity ^ C. 

According as* Jl is sretter or Icfllr than J9 C, ib 
Ac Atigle C fhall bjf unlpce or li^p tp the Aojg/e ^ a 
aa^ (o JIQ. ways ambiguous ; iy ^orem 22. Thus 
in this Cafe becaufe i5 is acute, and H B greater than 
B C, therefore the A^gk; C h obcufe>" wz. 1 40^. 

V j8 C =5 44 QO, 

Q^ven thc^ il^jep S^des < BD :;=z 6g 05^ 
(^ Ct> ^ ^9 09- 

7(7 /«i /i&^ /%& C. 

The Analogy, sBCy^sCBi Rq: : j?5±il^ 

In order to work this Analogy, we have put the 
DiffcrenQK,of the^ Legs containing the Angle lought* 
8^ B^<^ ^D C « AM^ 14^ oo>- 



Hence 
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• — C =: 4i« 32'. 

Hence we have < ^D-AM 

\ —^ •= 27" 23'. 

Wherefore to the Sine of 5C = 44 00 — 9.8417713 
Add the Sine of ' — DC = 30 00 — 9.6989700 

The Sum is — • sBCy.sDC:as 19.5407413 

Alfo the Square of Radius is — 20.0000000 

NexttotheSineof55i^=4i^32'= 9.8214073 
Add the Sine of — - SS27Q 33's= 9.6651329 

The Sum is s '^-^^x s gg=^= 19.4865^ 

Having thus prepared the Terms, fay ; 

As sBCyisDC — — 19.5407413 

Is to the Square of Radius — 20.0000000 

So is s ! X s — 19.4865402 



To the % '4. C — — 19.9457989 

Now the Half of that Sum is s lC 7 1 '■ 

=7o« oo'a — — i 9-927»994; 

■ ,m* ' m 

• t 

ThereftMt; the Angle C is 140? which was required. 
After t|^ Manner either of the Angles B ot D is 
found, bf#aking the Side oppofite thereto theBafe, 
VOL. II, B b More- 
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Moreover the Angle found is entirely free from all 
Ambiguity, by this Analogy s for whether it comes 
out acutd or obtufe, fuch it really is. 



Caft 6. 



Given the three Angles 



fi =a 20 08, 

C =r 140 CO, 

D^ 2833- 



4. To find (be Side « D. 

By "lleO' ^ c^.- 

rem 13, and 
its Corolla- 
ry, 'tis de- 
monftrated, 
that every 
Oblique-an^ 
gled Spheri- 
cal Trian- 
gle BDC^ 
hath a reci- 
procal Tri- 
dngle b c d^ 
^hok Sides 
are feverally 

equal to the Angles of the former Triisingle ; fave 
only "that the Complement of the greateft Angle C, 
will be equal to the greateft Side ^ ^ in the new Tri» 
afigle ; for by that Theorem *tis demonftrated, that 
in the Scheme here fabJ6Hn*d we hare 

GH^^ld } '^^^ Meafure.of the Angle i ^^ 
Ek^bd .^fae Compiem. gf the Aug. c! 

• '^rrc- 
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Wherefore it being evident, that by having all the 
Angles given in one Triangle fiCD^ we have all the 
Sides given ( of the feme Quantities ) in another Tri- 
angle, and the Angles in this latter Triangle ^, J, c 
are refpeftively equal to the Sides of the former D C^ 
C B9 B D, i the Complements of the greateft Angle 
and Side beiiig taken ) ; I iay then by living the Tri- 
angle b c dy we likewife refolve the Triangle B C D^ 
and confequendy all its Sides become known ; and 
that therefore this fii^ Cafe is, in effeft, or by Re- 
duftipn, the fame ^s the laft •, which I have fufficicnt- 
ly exemplified already. 

Thus J have cone through all the fix Cafes in this 
Method ; by whjch Examples, and the Inftruftions 
^iven eoncerninff Ambiguities, I hope nothing will 
reniain an Obrade to the diligent young Student j 
bavirtg endeavoured to make ail things as plaip and 
intelligible, as poffiMy could be in liich an intricate 
PoQrine as this of Oblique Spherical Trigonometry. 

I have all along had regard to the Triangle B DC 
in die firft Diagram in the Synopfis ; and in every 
Cafe the Numbers are adapted to the Sides and Angles 
pf it, which anfwer to the Letters. I (hall now pro- 
ceed to inform the young Learner of another Method 
of fplving thofe fort ot Triangles, without the Ufe of 
^ PcFperidicular, 
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CHAP. XIX, 

^ ^ ^ ^ le- 

Triangles without a Perpen 
cular. 



J Method of JolVmg Oblique-angled Sphe- 
rical Triangles without a Perpendi- 



? " I ' I S faid this Method or Problem was firft in- 
I vented by that moft noted Improver of Tri- 
gonometry, the noble Lord Nepier^ Baron of 
MercUfion in Scotland -, nor does this Method want its 
particular Advantages to recommend it in Prafticp in 
many Cafes, as wiH appear in the Sequel ; and tho* 
many, yea moft Authors on this Subjeft, take no no- 
tice of it at all ; yet is this indignant Pretention of 
lo fine a Piece of Art, no ways owing to my Defefts 
attending it, fo much ( perhaps ) as to the Ignorance 
and Supinity of thofe, who thus flight fuch a noble 
Improyement. 

This Method confifts of certain Propofitions, or 
Theorems, demonftrated from the following Scheme 
in this Manner prepared, 

1. On any Point J^ defcribe the Primitive Circle 
LB lb. 

2. At the Periphery thereof make the Oblique- 
angled Spherical Triangle DBC, by the Stereogra- 
phic Problems beforegoing. 

3. The Poles of the Sides D 5, DC, B C, will 
be found to be the Points A^ £, G, by Stereographic 
Broikm %,. 

f - , 

" ^ 4. Join 
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4. Join thofc three Points, and you will thereby 
conftitute. the Triangle AEG ftereographically pro- 
jedbed, m which the Arch -^£ = the Angle A the 
Arch E G =z the Angle C, the Arch yf G = the 
Complement of B \ hy Trigpnometricd Theorem 13, 
and its Corollary. 

5. IVIake the Arch £ O = £ G = JE P ; and be- 
caufe the Arches of all Right Circles are projefted into 
Lines of Half-Tangciits, dxerefonc the Right Line 

AE 
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JE = Tangent of half the Angle D ; the Right 
Line £ G = Tangent of half C ; and ^ G = Co- 
Tangent of half B. Alfo ^ P =s Tangent of half 
the Sum 6f die Angles A C ; and AO ^ Tangent 
of half their Diflerence. 

6. Thus the Points O, G, P, are in a Semicircle 
defcribed from its Pole JE, thro* G, whofe Center Ibp- 
pofe projected into the Point n. 
. 7. Then take JB/=5p=B/.jand draw the 
Diameter B m 4b\ and dfraw JD K parallel to B m^ 
and to^^ /?. Hence BD sxdbi and mK = Hm ; 
andF/=:Dt. 

8. Pfaw / w perpendicular to D J ; then the Tri- 
angle Idy is equianffllar to D Ly i by Enelid Lib. 3. 
Prop. 2 1 . Hence D L Jt is cqiaangular to Idw. 

'^ Wherefore we have ihofc Analogies Ly : dy 
t:DL:dL And z% D L : d I : : L K : dw i 
and therefore £ J is parallel toJf te?. 

^ 10. But the Points ^, /, H^ v>y are in a Circle 
whole Diameter is d I •, therefore the Angle i w // =? 
Idli—Ld b^Kwy. Therefore the Angle K^H 
'^ywl= a Right Angle •, hence m H= mK=zfHw. 
Hence zifo 1 K: L K: : {iv I : w R) Tangent of 
the Angle 2)^7, the Tangent of the Aa^DdL. 
That is, 

1 1. As the Sine of the Sum of the Sides, BD-\^ 
BC = DI=BL, 

h to the Smx£ the Difietooce of the Sides^ 3C^^ 
BD :siDL^ 

So ii ^e Tai^gent of Jidf the Sm m£ ihe Sides, 
To the Tangent of half the difference of ihe Side3. 

l*ha^^ 

12, As the Sine of the Sum of the Angles I> ^ C 
Jjt9 the Sine ^fihekDiflfeicnoe -^ D— Ci 
So is che Tai^gent jof ho^if the .&m of the Aogle^^ 
To ^ 'tangent of Jbalf their t)i£&rence. 

But 

13- As 
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x%. As die Sineof the Sum of the Sides, 
h to the Sme of their Difference, 
( So is the Sine of the Sum of the Angles, 
to the Sine of their Difference ; ) 
So is the Tangent of half the Sum of the Angles, 
To the Tangent of halt their Difiesence. 

14. That is, IK : IH: .AP.AO. Thercfon? 

IK^in ^ iK^IH _ AP^AO AP^AO 

^2 2 ^ 2 2 

That hj Im : mw :: An : n G. 

15. Moreover the Angle mlw ^ the Angle GAn ; 
therefore the Triangles Imw znd A nG are equian- 
gular, ( by Euclid J Lib. 5, Prop^ 7 > ) 3^3 arc alfi) the 
Triangles of the Sum of the Angles, 7.77 w, ani^ 
AOG\ and alfo the Triangles iXw and AP G^ ^ 
equianmlar. Therefore 

16. We have Iw:TH::AG:AO, and Iw:IK::AG:AP. 
ButwehaveD/ : Iw :: DL {:^K^):IH. 
And alfo dl : Iw :: d L : Lff sz I IC 
Therefore 

17. AsD I : DL: : (Iw :J H::) AG : AO. 
And —J/: d L : : { Iw :JK: t) A G : AP. 
Which in Words afford thcfe following Theorems pr 
"Propofrtions, viz. 

-P*6t»0«J^taN -I. 

As the Sine of half AeJSum of dieJSide^, 
is to the Sine of half their Difterence,;, 
fo is |jbe Cortangent of half their ^mained Angle, 
to the Tapgcnt of half ..the JDiffiaence of the oAer 

Angks. 

P4taPOSITfON It 

^As the Cot^finejoT half the Sum of die Sides, 
is -to the >CftTfinc.of half their 4Dilference 5 

■ fo 
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ib is the Co-tangent of half the contained Angle, 
to the Tangent of half the Sum of the other two 
Angles. 

Proposition III. 

As the Sine of half the Sun^ of the two Angles^ 
IS to the Sine of half the Difierence ; 
fo is the Tangent of half the contained Side, 
to the Tangent of half the Difference of the other 

two Sides. 

Proposition IV. 

As the Co-fine of half the Sum of the Angles^ 
is to the Co-fine of half the. Difierence ; 
fo is the Tangent of half the included Side, 
to the Tangent of half the Sum of the other two 

Sides. 

Proposition V. 

As the Tangent of half the Bale, . 
is to the Tangent of half the Sum pf the other two Sides i 
fo is the Tangent of half the t)ifierence of the Sides, ' 
to the Tangent of half the Difierence of the Segment 

of the Bafe. 

That is, JG : J P, : : JP : AT. 

. * 
Thefe Propofttionsy together with the Theorems 22, 
35, and 39, of Spherical Geometry, are fufficieht to 
folve all the Cafes of Oblique Spherical Triangles 
without a Perpendicular ; or any kind of Ambiguity i 
as appears by the following Examples. And on this 
Account, this Method is, in fome :. refpefts, prefe- 
rable to that by a Perpendicular ; efpecially to fuch 
as underftand not the Manner of projefting them on 
the Plane, which will be taught in the next Chapter. 

Cafi 
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Cafe 



I. 



The Angle — T) 

Given ^ The Angle — C 

The Oppofite Side — Z) 5 



40 00, 
27 014, 
36 00. 



I; Tojind the Side B C, by Theorem 35, /jy. 

As the Sine of C x= 27 01-^ Co. Ar. 0.54250^9 
is to the Sine of DJ3 = 36 00 — 9.7692187 

fo is the Sine of D = 40 00 -^ 9.8080675 

To the Sine of jB C = 50 i4f — 9-9^979i ^ 

2. 7J? /«J //&!? Angle B. 

Find the Side 5 C, as in the above Operation ; then 
The Angles {^3000^ 

~ . 67 Ol-I: 

. - -I 12 S^T 



the Sides C BC=56 14^ 
will be ;iDJ5=36 00 



Their Sum = 92 14^ 
Their Differ. =5: 20 14J. 



Half Sum =^ 46 07 
Half Differ. = 10 07 



— — 33 30— 

' .-^— 6 29 



Then by Propofition i, fay 



Co. Ar^ 



AsthcSineof half the Dif. of Sides 10 07=0.7553442 
is to the Sine of half their Sum • 46 07=9.^577863 
fo is the Tang, of half Dif. of Ang. 6 29=9.9555349 

to the Co-tan. of half the inclu. An, 65 00=9.6686654 

Hence the Angle jB = 130^, as required. 

VOL. Ill C c 3^ To 
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3. "To find the Side D C. 

Firft find the Side B C, as before ; and the half 
Sums atid Dif&rences of the Sides and Angles as in 
the laft Variety ; then by Propofttion 3, fay ; 

o , Co. Ar. 
As the Sine of half Dif. of Ang. 6 29 =0.94725 1 5 
is to Sine of half Sum of the An. 33 30t4=o742o6o3 
fo is Tang, of half Dif. of Sides 10 07 =9.251461 2 

to Tang, of half the inch. Side 41 o6i =9.9407730 

Which doubled, gives 82« 124 = DC the Side 
fpught. 

Cafe 2, 

6 t 

C The Angle *?;? D =s 40 00 

Given < The Angle — 5 = 130 06 

^ And included Side — D 5 = 36 00 

I. To find the Sides { ^^' 



together the Angles 


r 

1 

r. 


5 = 




130 

40 


/ 
99 
00 


their Suip is 
their Difference 


— 


■ '_ ,j 


170 

90 


GO 
00 


half Sum — 
half Diflfercncc 


m 


— 


85 

45 


00 
00 



Then 
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Then by Propofttion 3, fay ; 

As the Sine of half the Sum of An. 85 00=0.001 6558 
is to the Sine of half their Differ. 45 00=9.8494850 
io is Tan. of half the includ. Side 18 00=9.5117760 

to Tang, of half the Dif.of Sides 12 59-5:==9.3629i68 

Then again by Propofttion 4. 

o I Co. Ar. 
AsCo-fineof half Sumof Ang. 85 00 = 1.0597030 
isto theCo-lineof half their Dif. 45 00 == 9.8494850 
fo the Tan. of half the incl. Side 1 8 00 = 9.51 1 7760 

lo^Tan.of half Sum of two Sides 6^ 334.= 10.4209640 



Then to the half Sum of the Sides — 69 isJi 
add half the Difierence of the Sides •— 12 59^ 

thet Sym. will be the greater Side -— D C =s 82 12I. 

and the Difference, the leflcr Side — 5 C=s 56 14^' 

The two Sides being thus found, the other Angle 
C is had as in the common manner, by Theorem 35, 

Cafe 3. - 

C The Side — D 5 = jl oo 

\GvKa < the Side — B C = 56 14^ 

"* ,. C ^^ Oppcrfite At^lc — D 5s 40 00 ' 

VOL. n, " Cc 2 1. Ta 
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1. To find the Jngle C, hy Theorem 35. 

As the Sine of 5 C s= 56 14^ Co. Ar. 0.0802089 
is to, the Sirte of ,D = 40 ,0.0. •, - — 9.8^801^71; 
h is the Sine of t> B=z 3^ 09, .— , 9.7592,187: 

to. -the Sine of rC ss '2.f'x>i^ ' ■— i^.6^*;^^i 

2. To find the Side DC. 

The Angle •vC*mtlft*^flrfl:;ble feluhd, '^as in the above 
Variety ; then find the half Sums, and half DifFe- 
r<^i>ces of the SicJes Z) B and \B C, ^wd.pf. the:An^9^ 
/} 3n3 C, . aajn .tjie.. fecx)a(^ ,Vafiety-of. Cafe jY,..;[f J^a 

rayJb]^]Pr;(^(^% ". \ \ .[ : V, .,. :;.i -.h o^ 

A^^Sfafe bf^ifIo£the- Angle ^^6^2^^ '^9^4/^^!^ 
IS to the iSirie of half their Sum 33 30^=9.7420603 
fo^ is yang. of half Dif. of Sides 10 07 =9.2514612 

ioTdhg.ofRaif theFipcIod.'^ide -f^'-bfif i=Q.94'o^75t> 
a^ jre|«irsd,'j vi — : ; :, -:■,':.[ ■.,'•; ,;•;;;.. ;;:;Ci v.':; Lni; 

feCOTcf of this,^ was the fame with the third of that 
Cafe i and therefore need vspic^t again repeated. 



ri\Tyi 



' "...-,■ ^Cafi 4.,::- -iv ^ 

" . ■ ..•,■,(' 

, r -Ttie^Sidc ' ., jw» .(-, \BJ>.=i 36 00 
Giv^n < the Side ' " — * ' D'C's 82 12^ 
^ and ioclui^ Angle •— . 2^y=:jj(p -^ 

To 



-. TrU^gies. ^miifyut a TMi^»dkml0r» . .^^17 



Add together the Sides { 5 £) ~ 36 oo"^ 

; • iJieir -Slirt^ i^ ' — ' '• "'JJ*8^2| 
. I AeiF Ciafore^ — 4 6 i^ 

haieSmn • . — . r?-^ 59 o^f 
halFTDiSerehce — " 23 o6f 

■ -. « • * • r • t 

iAi8kWx)Fttttfitl«'$u«jiof^des 59 ©&f • o;66645jf7 

«<sci!6itlt(siSJih4«fka[lP|h^rDiflfer. ag <jdf • 9;59§^<j6 

< -fo* CtJ-t^i.fOf hal£€bntt»irted An. ao<jo • k 0.43 89341 

■^T39^o^f4?f.#|^^^ ,$i,«9, j=R i.o-099'P94 

'^ " ' <'.i'.' -.-:; .• \'^-" '•:. <■' ^v 

Then by PrBpofition 2, fay ; 

.ik .t-O ,0 8 f Co. Ar. 

o^fes^e^Uieof^aifSqntbffBidb^S^ISdf is^.©»28949fi|.o 

Tls^tOJG©Aftie ofcbalf^tbolrlSf.ifl^^dfi^i ia ^■.tfb^6^6 

fo>isiGd-Can.ofhaifimc3Ki iftaij ao'bsp ■3a-i-o.43«934i 

*Then, rd the Half Sum ^oF the Angles -r ^^8 gOyJ 
addhalftheDifFerenceof the Angles 51 2'9t4 

the Sum, is the greater Angle 5 = 130 OQ 

the DifFer. is the leffcr Angle C = ay 01 4 

The 



ipS Method qffolving Ohli^ Spherical 

The Side 5 G is found, by Thiorem ^5^ fincc all 
die other Parts are known. 

Cafe 5. 

Z>5 = 36 00 
Given die three Sides ^ B C = 56 144. 

DC 5S 82 I2i. 



4 



I. To find the Angle D. 

This may be done two ways ; firft by Theorem 39, 
already fufficicndy exeniplified in the laft Chapter, 
Cafe s. The fecond Way is by finding the Segments 
of the Bafc D C^ made by a perpendicular Arph fall- 
ing thereon fabtending the Angle fought, by Propo- 
Jifm 5- Thus having taken the half Sum of the two 
Sides D 5 and jB C, viz. 46^ 07/, and alfo the halt 
Difference thereof, 10^ 07', as likewife half die Bafc 
B Cj 41? 06' |. 5 fay thus •, 

5 g Co. Ar. 

As the Tai^nt of half the Bale 41 o6f 0.0592260 

is to Tang. 5" half Sum of Sides 46 07 10.0169327 

io is the Tang, of half their Dif. 10 07 9,251461 2 

to the Tang, of half Diflfcr. of 7 ^ ^^ ■ _ ^ «« ^r ,^^ 
the SegSeno of the Bafc ^ ^^ <^ ^ 9'i^7^ ^99 

VHience the whok Difference qf the S^ments i& 
24^ o</4. . 



Then 
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Then from the whole Bafc — 82 i2| == D C 
take the Dificrcncc of the Segments 24 oo|. as VC 

there will remain — 56 12^ ss D F 

the half of whidh is thelefler Segm.'29 06 zsDS as SF 
to this add their Difierence — 24 oo|=:/^C 

the Sum is the greater Segment 53 064.95 C 

Then fay. 

As the Tangent of the Side 5D= 3 6 00 9.8612610 

is to the Tang, of the Seg. DS^i^ 06 9745537^ 

fo is Radius -— — • 10.0000000 

to the Co-fine of the > n— ^/> ^ r.QQ.o^A^ 
Anglefought - J ^=^^ ^ 9-8842766 

And any other of the Angles may be found in the 

lame Manner. 

Cafe 6. 
Given the three Angles 

7i find 

The only Way for folving this Ca^, is by Con- 
verfion of Triangles, as taught in theorem 13, and 
exemplified in this Cafe of the laft Chapter ; and fo 
in the foregoing Scheme, the Reciprocal Triangle 
AEGy hath its three Sides equal to the Angles of the 
Triangle DB Cj the Complement of B being taken ; 
for JE:s:D=s 40^ 00'; and E G=rC=:27« 01' i. •, 
fini laftly, /f 6 =: Complement of Bj viz. 50® 00'; 

Hence 



i 


r D = 




40 



00 


igles - 


55 = 


1^0 


00 


( 


ic = 


27 


01^ 


the Side D C. 







aoQ \ The Solution ^ Oilique Spherkai 

Hence the. Angles A-^E^ G, being, found by the fjbrie- 
going Cafe, wilL be eqtiarl to the » Sides J^^& Com^ 
plcment of D C, and the Side 5 C> in th^. original 
Triangle D BC. ^ 

' * . '^ * . . . 
I qxM hay^ fhewa fome oriNr Way$ W ^Hrork 
fome of the foregoing Cafes ; but their Demonftrati- 
ons being very large and intricate, and the Operati- 
ons thereby very tedious and troublefome ; and having 
already given the bell and eafieft numerical Methods 
&r their Splutipn.; I think 'twill be much better to 
omit the aforcfaid perpkxed . Melius, and m^B^ 
thereof to Chew the Method of.lblving them by Pro- 
jedioD, wliich is truly artful ^nd. ingenious,^ and of^ 
teniimeS' the nK)fl: expedieat -and ttfeful Wa^ we can 
take ; and therefore is what the young Trigonometer 
ffioiilcT be exceeding well acquainted with. The Man- 
ner of which, is the Subject of the following Ghipier. 



, . C H A R XX. 

The Method of folding the Six Cafes of Ob- 
lique Spherical. Triangles by Projec- 
tion. 



T 



HE Quantities of the Sides and Angjes of 
the Triangle to be projefted,. let be fuppoled 
as follows, viz. 

'= 4? 0(f 
Let the Sides ^ BC =^ ^^ oo 



C 5 D .= 
^ BC=^ 



24. 04 

• And 



Triangle, hy the Stereogr. Profe6iion. toi 



And the Angles 



Cafe 



/ 
104 00 

36 08 

46 18 



I*. 



B 

. D 

BC 



o t 

36 08, 
46 18, 
30 00. 



r The Angle ' — 
Given < The Angle 

^ And Oppofiie Side - 

The Prye^on. 

Defcribe the Primi- 
tive Circle 5/Fi^i 

draw the Oblique 

. Orde -^>fl C fv 

** make"^c Angle 
BBC ^^o^'i 

then draw the Paral- 
lel of 600 ACE, 

to cut the Oblique 
Circle, in — C^ 

throti^h that Point, 
iSraw the Oblique 
Circle' ^\2) p G, 

to make the Angle 
JDC t= 46<> ly ; . 

fo will the Triangle .] f- . ~ 

'^e made or proj^fted, as vgks njqoked. 
; '\\ ■ ■ ■• ; • . 
\ I. To mfufure jOne 4i)^ t. 

This Is .done !W P^ 5, of ik'Stereographic Pro- 

jeftion i thus i jXy a^uler on tbe,,Ajigukr Foint<7, 

land on the Poles a an^ ^ of thd two' Oblique Giifclcs 

PCG and B CFy and it will fcut- the Primitive in 
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202 The Solution of Oblique Spherical 

two Pomts Cj and d ; then c d meafured on the Chords 
will be found 76^, whofe Complement to i8o<> is 
104?, the Angle required. 

2. To meafure the Side D C. 

This is done by the Reverfe of Problem 6, by re- 
ducing it to the Primitive, and meafuring it on the 
Chords ; for it will be there found to be 24^ 04'. 

3. To meajure the Side B D. 

This is done on the Lines of Chords, and is 42^ 09'. 



Cafe 2. 

< C The Angle — 

Given < the Angle — 

£^ and the included Side 

ne I^rcje£liotf. 

Defcribe the Primi- 
tive — BIFHi 

then draw the Obli- 
que Cirdp BDF, 

to make the Angle 
D5C = 36°o8'. 

Set oflr30« of Chords 
from — * 5 to C ; 

then draw the Obli- 
que Circle C D G^ 

to make the Ahgle 
BCD= 104^ ; 

then will the Trian- 
gle — 5 C D 
be projefted, as was required. 



B 

C 

BC 



5 ^ 
36 08, 

104 GO, 
30 00. 




I. To 
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1. 31?. meafure the Angle D. 

Lay a Ruler from the Angle D to the two Poles 
a and hj and it will cut the Primitive in J and r; 
then d c meafured on the Chords will be found 46^ 
18' = D. 

2. "To meafure the Side B D. 

This is done by laying a Ruler on a and By. 
which will cut the Primitive in . ^ •, then B e meafured 
on the Chords will be found 42® 09' =s 5.ZX 

3. To- meafure the Side D C. 

This, in the fame manner, reduced to the Primi" 
tive, hC f ^=^ 24® 04' on the Line of Chords. 



Given 



Cafe 3. 

The Side ~ BD 

The Side . — CD 
The Oppofite Angle B 



42 09, 
24 04, 
36 08.. 



The ProjeSion. 
Defcribe the Primi- 
tive .- BIFH, 
and crofling it with 
the Diameters 

5/s ///, 
fet oflf 42^ 09' from 
fl to D ; 
On the Point •— Z), 
draw the Parallel of 
650 56' AC El 
then draw the Obli- 
que Circle 5 CF, 
to make D B C =^ 
36^ 08/ i 
VOL. IL D d 2 




204 The Solution of Oblique Sfherical 

this will interfcft the Parallel in — • C ; 

through the Points — — ' C and G, 

draw the Oblique Circle — — D CG \ 

fo {hall the Triangle — — * BDCy 
be made as required. 

Note^ As the Parallel cuts the Oblique Circle in two 
points, fb the Angle C will be obtufe or acute accord- 
ing zs D C G pafieth through this or the adier Point 
of Interfeflion ; and ought to be foreknown, other* 
wile two Triangles may be made. 

1. To meajure the AngU D, 

Take KLva your Compaflcs, and mcaiiire it on a 
Scale of Half- tangents from 90 downward, and you'll 
find it to be 46^ 18'. 

2. To meajure the Angle C. * 

' This is done as in Cafe i, and is found to be 
104^ 00'. 

3. To meafurt the Side B C. 

This is done by reducing it to the Primitive, and 
meafuring it on a Line of Chords, and it will be found 

30^. to'. 

^, '' ,' ' Cafe 4^^ 

the Side — fl C = 30 00, 

, Given ^ the Side — B D = 4.2 09, 

and indudc(i Angle •— 5 s= 36 08. 



The 




Triangles by the Stereogr TrijeBhn. %q.$ 

The PrcjeSlion. 

Draw tW Primirive 
BIFH, 

and the Oblique Or- 

cle --^ BDF, 
to make the Angle 

at 5«: 36* 08'; 
then draw the Paral- 

W — AD^ 
to cut off the Arch 

BD =x42^ 09«; 
dien throQgh the 

Poinia CD^G^ 
draw the Obli<yie 

Circle — CPG; 
fo will the Triangfe — ^ BCD 

be projedked, as was required. 

I. fo find the Side XiC ; 

This is found a^ ih Cafe 2, and is equal to C/ C5 
24* 04', 

c. To find the A^e D. 

This is alfo done as in Cafe 2 ; for it fa equal to 
tfi = 46« I8^ 

3. To find the Anile BCD. 

Meafure KL on z Line of Half-tangents from 
90 downwards^ aftd you v^ find itto te 76S 00', 
whofe Complement X94S is xhe Angle required. 



C^ 
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Cafe 5, 



Given the three Sides 



\ BD 

ides < BC 
( CD 



ft I 

= 42 09, 

SB 30 00, 

=a 24 04. 




He PrcjeSlion. 

Dcfcribc the Primi- 
tive — niFH, 

tthcn make the AiKJh 

' 5D = -42«P9'; 

di«w ^he parallel 
4CE, 

to cut ofFs^the Arch 
JB C — 30« 00' ; 

alfo draw the Paral- 
lel ^, OC^ 

to cut off the Arch 
D C = 24^ 04' ; 

then thro* the Point ___ 

of Interfeftion C, ^ 

^raw the two Oblique Circles — BCF^ D G Gy 

/o (hall the Triangle — — BDC, 

be made or projefted, as required. 

I. fo meafure the Angle at D. 

Meafure -fiTZ* on the Half- tangents, and -twill be 
found 465 18'. 

2. 7(? meafure the Angle B. 

Meafure R I in the fame Manner, and it will be 
found 36? 08'. : . 

' 3. /To meafure the Angle C. 

This is done as taught in Cafe i, and is found to 
be I04^ 

■^ Cafe 
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Cafe 6. 



Given the three Angles 



d / 
36 08, 

46 08, 

104 00* 



This Cafe is to be converted into the lad fore- 
going Cafe, by changing thofe Angles into Sides, by 
^eorem 13, taking for the greater Side 76^, the Com- 
plement of the Angle C == 104^ «o- 2 Right-angles, 

As in this adjacent 
Scheme, the Triangle 
BCD has its Sides, 
BCy CD, equal to the 
given Angles 5, and 
D; and the Side 5D, 
the Complement of the 
Obtufe Angle C to 
i8o<^. Wherefore if the 
Angles of this Trian- 
gle be meafured, they 
will be found as fol- 
lows ; 'wz. B = be = 
30^ 00' ; D = de ^ 24.^ 04' ; and the Com«^ 
plement of BC D = hd = ^2i 09'. 

So that the Sides fought in this Cafe are thofe 
which conftitute the Triangle bdey and are to be 
meafured as before taught. And thus much for the 
Projedion of Oblique Spherical Triangles. The, 
Learner may vary the Method of Erojedion, and Form 
of the Triangle, fometimes if he .pleafes ; but this 
is here omitted, ai^d left for his Exercife. 

CHAE 
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CHAP. XXI. 

Of the 2^ieMfuration of the Area of a Sphe- 
rical Triangle, and the Completioa of 
a Solid Body. 



Lemma I. ^' 

HE Lunary Saperficies of HemilpJierics, is 
as the Angles of the fame Supcrfioies. - 

Deffifiiifiration. 



T 



Suppofc tJie Meri- 
dian Semicirde^£2) 
to he moved over 
tHfe Longitude pf^the 
Equator BEC^ upon 
the Poles /f, D ; 
then Ihall the An- 
^t&' on : ekii; iide 
the Meridian a^ rkiH 
^E^oksy viz. Tfy abd 
r^, (be as: tfce Times 
'jri:i«4ikhitfacy afifc gt- 
necited ; ' the Supcr- 
fickaalfb K^ and M^ 

AalLhc as Ae Times % therefore F :{? : : Superficlei^ 
K : Superficies M. AsA <^ ^ F -. z M i 1C\ znAfo 
it will be howfocver they are taken. For 

Cf f - ) 

Thofc 




r 



T^ 



and Completion of a Solid Body. 2 op 

Thofe Things which agree to a Third, agree to 
each other. 

That is in Words at length. 

As two Right Angles arc to G, 

So is half the Spherical Superficies to M ; 

And 

As two Right Angles are to F. 

So is half the Spherical Superficies, to K. 

Lemma IL 

In the Scheme adjoined, the Triangle G is equal 
to the Triangle H. 

For the Angle J 
as D, and the Angle 
B = £,,and the An- 
gle C ^Fi alfo the 
Side ^5= £Z), and 
JC=zD F,2indBC 
=iEF. 

Wherefore fince the 
tlu:ee Sides and 'An- 
gles in the Triangle 
G, are' equal to the 
Sides and Angles of 
the Triangle H ; there- 
fore thofe two Trian- 
gles are congruous and equal to each other. 

^eorem. 

The Excefs of the three Angles of a Spherical 
Triangle over and above two Right Angles, divided 
by 720, Ihews what Part of the whole Superficies of 
theS^ere or Globe, the Area of the faid Triangle is. 
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i I o The Menfuration of a SpheriMl Triangle 

Demonftration. 
C i8o : yf : : 4. Spheric : G-irR •, . 
By Lemma i. < 180 : 5 : : 4- Spheric : G\S ; 

• ^180 : C : : 4. Spheric : G+ir=i7+7'. 

Therefore, As 180 : J+B+C :: 4. Spheric : 3G+ 
Rj^S+T, ( by Eucl. Lib. 5, Prop. 24. ) As 180 : 
^^5^C — 180 : : 4. Spheric : gG-^ii + S+T'— 4- 
Spheric -, but G + R + 5+ 2"=t 4. Spheric i therefore 
3G + i? + 5 -t- r— 4- Spheric =s.2G. 

Hence 180 : J-\- B + C— 180 :: ' Spheric : 2G. 
Quadruple the Antecedent Terms, and it will be, 

As 720 : J-\- B +C — 180 : : 2 Spherics : 2G : . 

; I Spheric : G. Therefore "^ J^o~^ ° ^^^ ^^^ 
Part of the whole Superficies of the Sphere, the Area 
of the given Triangle is. 

Example. 
* b t 

• Cyf =a 36 08 - 
Suppofe the three Angles ^^5 = 46 18 
( , . CC — 104 00 - 

Their Sum is (^+B+C=) — 186 26 
fffom which dedudl: — — 180 00 . 



There will remain — — 6 26 = 6 43. 

Then 720 ) 6.43-3 ( ,o6893» ^c. 

57^0 , ■ 
.• . - . - V . ' 6733 . .. • 
6480, 

•• • " ■■ ' ■■ - '■ 2533 ■- ' ■ ■ 

2160 ^ • 



37i 



Whercw 
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Wherefore the Area of fuch a Triangle as was ufed 
in the laft Chapter is 0,00893 of the whole Superfi-^ 
cies of the Sphere or Globe. 

Now fuppofc the Diameter of any Sphere or Globe 
be 1 6. Inches, then the Superficies of fuch a Sphere 
will contain 804^ Square Inches nearly. Then 804^ 
X 0,00893 s= 7.1819 Inches, the Area of the Tri- 
angle on that Sphere, whofe Angles are fuch as arc 
abDve fpecified. 

Bccaufe ( by TTyeorem 16, ) the Sum of all the An- 
gles of any Spherical Triangle is greater than two 
Right Angles, andlefs than fix ; and all the internal 
and external Angles of a Triangle are together but 
fix Right Angles ; therefore, if to the Sum of the 
Angles of any Triangle you add four Right Angles, 
and from that Sum dedufl fix Right Angles, the Re- 
rnainder divided by 720 will fhew what Part of the 
Sphere's Surface the Area of the Triangle is. 

Hence becaufe all Spherical Polygons, or Multan- 
gular Figures of every kind, may be reduced to Sphe- 
rical Triangles, therefore we have this general Rule 
fpr finding the Area of any fuch Figure alfo s viz. 

The Rule. 

Multiply 180 by the Number of the Angles ; 
deduft this Produft from the Aggregate of the An- 
gles increafed by 360*^ ; the Remainder divided by 
720, gives the Area of the Polygon. 

The Completion of a Solid Bpdy. 

From the foregoing Menfuration of the Area of i 
Spherical Triangle is derived the following Invention. 

If the Radius of the Sphere be 1 00000, the Side 
of an Infcribed IcoGhedron fhall be 105146.22, equal 
to the SuStenfe of 6^^ 26' lo*^. Therefore the Plane 
cqtiilateral Triangle 'F£ ( in the Icofihcdron ) an- 
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s^^s 



fwers to the Equilateral Spherical Triangle in the 
Sphere -, whofe three Spherical Angles, arc connedcd 
in the Plain Angles, in the fame Points jp, E, O. 

And the Sides of this Sphe- 
rical Triangle are each equal 
to 63° 26' 10", becaufc 
their Subtenfes F E, E 0, 
O F, are equal to one ano- 
ther. 

Let fall the Perpendicular 
E P, then will the Spherical 
Triangle EP be right an- 
gled at P, where there is given (befides the Right An- 
gle ) £0 = 63*^ 26' 10'', and PO = 3i« 43' 5''; 
whence the Vertical Angle PEO will be found precife- 
ly 36^, and fo the whole Angle £=372® -, hence the 
Sum of the three equal Angles, £+ P4- 0= ^ 1 6 ^ •, fron^ 
which dedudl two Right Angles, or r8o, and there 
will remain 36^ ; therefore the Triangle £P0 is ^.^ 
of the whole Spherical Superficies, that is -4. Part ; 
and this moft truly •, for 20 Pyramids FE O C fill the 
folid Place of the Icoficdron ; and fo 20 Spherical 
Bafes ( covered over with 20 Triangular Plain Bales ) 
complcat the whole Sphere or Globe. 



FEO C is one of 20 Pyra- 
mids in the Icofiedrum, the Plain 
Triangle B is one of the ''EJ'^At^ 
or Bafes ; and C is in the Cen- 
ter of the clrcumfcribing Sphere, 




jostao ^ 
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CHAP- I. 

Spherical Trigonometry apj^X\e3i to Aftro-t 
nomy3 m all the Praftical Problems 
of the Sun, Moon, and Stars, which 
defend on the Solution of Spherical Tri^ 
angles. 

IN Part 2, of Fol. i, I applied the Doftrine of 
Plain Trigonometry to the Pyrpples of Aftronomy 
in a great Variety of Problems, far exceeding any 
Thing of that Kind yet done in Books of this Subje<9: ; 
the fame Thing I fliall here endeavour, aiming to give 
]the young Learner not only a compleat Idea of the 
Art, but alfo of the Excellency and ExtenGvcnefi of 
its Ufe in the Arts and Sciences, among which Aftro- 
nomy is the chief: 

In order to perforn> Conclufions of Aftronomy, we 
muft be able to find the true Place of the Sun in the 
Ecliptic ; the Latitude of the Place •, and the greatcft 
Declination of the Sun (or the Syn's Orbit, the Eclip- 
tic ) from the EquinoSial, for any given Moment oi 
Time. 

As for the Sun*s Place, that is moft conveniently 
had from the Aftronomical Tables, which are calcula- 
ted from juft Oblervation, and gives the Mean or 
Middle Motion of the Sun fot any Part of Time ; 
fuch Tables I have here adjoin'd. 

J Table 



2 14 Tailes of the Solar Motions. -^ 

A T ABLE of the SunV Mean Motion. 



Tears. 


Mean Motion 


■H 




Af(?^» Motion of 




(be Sun* 






the Perihelion. 




S 





1 


rf 


S 


/ // 


1701 


09 


20 


43 


50 




03 


07 40 10 


1721 


09 


20 


52 


54 




03 


07 56 50 


1741 


09 


21 


01 


58 




03 


08 13 30 


1701 


09 


21 


II 


02 




03 


08 30 10 


1781 


09 


21 


20 


06 




03 


08 46 50 


1801 


09 


21 


29 


II 




03 


09 03 30 












S 


» / fr 


I 




29 


45 


40 







00 00 50 


2 




29 


31 


20 







00 01 40 


3 




29 


17 


00 







00 02 30 


4 


00 


00 


01 


48 







00 03 20 


5 




29 


47 


28 







00 04 10 


6 




29 


33 


08 





00 05 00 


7 




29 


18 


48 







00 05 50 


8 


00 


00 


03 


36 







00 06 40 


9 




29 


49 


16 







00 07 30 


10 
II 




29 


34 


57 







00 08 20 




29 


20 


37 





00 09 10 


12 


00 


00 


05 


26 







00 10 00 


13 




29 


51 


06 







00 10 50 


14 




29 


36 


46 







00 II 40 


15 




29 


22 


26 







00 12 30 


16 


00 


00 


07 


14 







00 13 20 


17 




29 


52 


54 







00 14 10 


18 




29 


3« 


34 







00 15 00 


»9 




29 


24 


14 







00 15 50 


2.0 


00 


00 


09 


04 







00 16 40 
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J 


Table 


^f 


rphe SunV 


Mean Motion. 


I 

2 

■3 

4 
5 

6 

7 
8 

9 
10 


January. 


February. 1 March. 




M. Ad. of Sun, 


7 

li 

oc 
oc 
oc 

01 
01 


M. M.ofSu9i, 


y 

If 

04 

^5 
35 

^5 
05 

05 
05 

05 
06 
06 

06 
06 
06 

')6 
j6 

06 
07 
07 
07 
07 

07 
07 
07 

08 
08 

08 
08 

08 


M. M. cf Sun. 


3: 


S-6 i u 

00 59 c8 
^0 01 58 17 

02 57 25 
03 56 33 
04 55 42 


^ , II 

I 01 32 27 

I 02 31 35 

I 03 30 43 
I 04 29 52 
1 05 29 OC 


S / // 

1 29 08 20 

2 00 07 28 
2 01 06 36 
2 02 05 45 
2,03 04 53 


38 

d8 

Dp 

op 
op 

Op 

10 

10 
10 
10 

10 

-^ 

10 

10 

It 
II 
II 


05 54 5c 
06 53 58 
07 53 07 
p 08 52 15 
op 51 23 


01 
01 
01 
01 
01 


I 06 28 08 
I 07 27 16 
I 08 26 25 
I 09 25 33 
I 10 24 41 


2 04 04 01 
2 05 03 19 
2 08 02 18 
2 07 01 26 
2 08 00 35 


It 
12 

13 
M 
IS 

i^ 

ir 
18 

19 

20 


10 50 32 
ij 44 40 
12 48 48 

13 47 57 
14 47 05 


02 
02 

02 
02 
02 


I II 23 5c 
I 12 22 58 

I 13 22 06 
I 14 21 15 
I 15 20 23 


2 08 59 43 

/2 09 58 51 
2 10 58 00 

2 II 57 08 

2 12 56 16 


15 46 13 
p 16 45 22 
17 44 30 
18 43 38 
19 42 47 


02 
02 

02 

o'3 

^3 


I 16 19 31 
I 17 18 40 
I 18 17 48 

I 19 16 ^6 

1 20 16 04 


2 13 55 25 

2 14 54 33 
2 15 53 41 

2 ^6.52 50 
2 17 51 58 


21 

22 
25 

25 


0,20 41 5-5 
21 41 03 
p 22 40, 12 
23-39 20 
24 38 28 


03 
03 
03 
03 

03 

04 

04 

04 

04 
04 

24 


I 21 15 13 
I 22 14 21 
I 23 13 30 
I 24 12 38 
I 25 11 46 


2 18 51 06 
2 19 50 15 
2 20 49 23 
2 21 48 31 

2 22 47 40 


II 
II 
II 
II 
II 


26 

29 

30 


25 37 37 
26 36 45 

0,^7 35 53 
a8 35 02 
29 34 IC 


I 26 10 55 
I 27 10 og 
I 28 09 11 


2 23 46 48 

2 24 45 56 
2 25 45 ^5 
2z6 44 13 
2 27 43 21 


12 
12 
12 
12 
12 


lii 


I 00 33 18 




2 28 42 39 


12 
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A Table 


of the Sun'j Meaft Motion, 


1 

I 

2 

3 
4 

.5 
"e 

I 

9 

10 


April. 


. May. 


June. 


M.Mo.»iSun. 


y 

II 
12 

13 
13 
13 
13 


M.Mo.»fSun. 


^ 

?» 


M.Mo.tfSMM. 


y 

n 
21 
21 
21 

21 
21 

21 
22 
22 

22 
22 

22 
22 
22 
22 
22 

h 

23 
23 
23 
23 

24 
24 
24 
24 
24 

24 
24 
24 
25 
25 


S 6 > H 

2 19 41 38 

3 00 40 46 
3 01 39 45 

3 02 39 03 

3 03 38 II 


^ I „ 

3 29 15 48 

4 00 14 56 
4 01 14 04 

4 02 13 13 
4 03 12 21 


ff 

17 
17 
17 
17 
17 

17 
»7 
17 
18 
18 

18 
18 
18 
18 
18 

19 
19 
19 
iP 
IP 

»P 
IP 

20 

2C 
10 

2C 
2C 
2C 
2C 
21 


^ , » 

4 2p 49 06 

5 00 48 14 
5 01 47 23 
5 02 46 31 
5 03 45 39 


3 04 37 20 
3 05 36 27 
3 06 35 36 
3 07 34 45 
3 08 33 53 


13 
13 


4 04 II 29 
4 05 10 38 
4 06 09 46 
40708 54 
4 08 08 03 

4 09 07 II 

4 10 06 19 

4 II 05 28 
4 12 04 36 
4 13 03 44 


5 04 44 48 
5 05 43 5fi 
5 06 43 04 

5 07 42 13 
5 08 41 21 


II 

13 
J5 


3 09 33 o» 
3 10 32 lb 
3 II 31 18 
3 12 30 26 
3 13 29 34 


H 

?i 

14 
»5 
»5 
'5 
i^ 

15 
15 

15 
16 
16 

16 
16 
16 
16 
16 


5 09 40 29 

5 10 39 30 
5 11 38 4* 

5 12 37 54 
5 »3 37 oj 


U 

il 

i9 

20 


3 H 28 43 
3 15 27 5» 
3 16 27 00 
3 17 26 08 
3 18 25 16 


4 14 02 53 
4 15 02 01 

4 i6 01 09 
4 i7 00 18 
4 »7 59 26 


5 14 3<5 " 
5 15 35 »P 
5 16 §4 28 

5 17 33 3^ 
5 18 i2 44 


21 


3 19 24 24 
3 20 23 35 
3 21 22 41 
3 22 21 4P 
' 3 23 20 58 


4 18 58 34 

4 IP 57 42 
4 20 56 51 

4 21 55 5P 
4 22 55 09 


5 19 31 53 
5 20 31 01 
5 21 30 09 
5 22 29 18 
5 23 28 26 


2d' 3 i4 20 o6 

27 3 25 »9 M 

28 3 26 i8 2) 

a? 3 27 17 3» 
JO 3 28 16 39 


4 23 54 i« 
4 24 53 24 
4 25 52 33 
4 26 51 41 

4.27 5049 


5 24 27 34 
5 25 26 43 
5 26 25 ^i 

5 27 24 i? 
5 a8 24 08 


^» 


4 28 4? 5^ 


21 
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J Table of the Sun' 


s Mean Motion, 




Jaly. 


Augufl. 


September. 1 


1 


if.Af(7.o/Siof. 




M.M».cfSun. 




M. Mo. tf Sun. 




^ 6 • it 


^ 1 f/ 


^ ' » 


1 


5 19 23 16 


r25 


6 29 56 34 


ip 


8 00 2p 52 


33 


2 


6 cx) 22 24 


25 


7 00 55 42 


29 


8 01 ip 01 


34 


^ 


6 01 21 32 


25 


7 01 54 51 


29 


8 02 28 op 


34 


4 


6 02 20 40 


25 


7 02 53 5P 


3<^ 


8 05 27 17 


34 


"6 


6 03 19 49 


26 


7 03 53 07 


30 

30 


8 04 26 26 


34 

34 


6 04 18 57 


7 04 52 16 


8 05 25 34 


7 


6 05 18 06J26 


7 05 51 24 


30 


06 24 42 


34 


8 


6 06 17 14*26 


7 06 50 32 


30 


8 07 23 51 


34 


9 


6 07 16 22126 


7 07 49 41 


30 


8 08 22 5P 


35 


10 


6 08 15 31 


,26 


7 c8 48 48 


3C 


8 op 22 07 


35 
35 


II 


6 09 14 39 


26 


7 09 47 57 


31 


8 10 21 16 


12 


6 10 13 47 


26 


7 to 47 06 


3J 


8 II 20 24 


35 


13 


6 IX 12 56 


27 


7 n 46 14 


31 


8 12 ip 32 


35 


14 


6 12 12 04I27 


7 12 45 22 


31 


8 13 18 41 


35 


15 


6 15 11 12 


27 

27 


7 13 44 31 


31 
31 


8 14 17 4P 


35 

36 


16 


6 14 10 21 


7 »4 43 3? 


8 15 16 57 


17 


6' i«> 09 29 


27 


7 15 42 47 


3» 


8 16 16 65 


36 


i£ 


6 i6 08 37 


27 


7 16 41 56 


31 


8 17 15 14 


36 


19 


6 17 07 46 


27 


7 17 41 04 


32 


8 18 14 22 


36 


20 


6 18 06 54 


28 
28 


7 l8 40 12 


32 


8 Ip 13 3Q 


36 
36 


21 


6 19 06 02 


7 li? 39 21 


32 


8 20 12 3P 


22 


6 20 05 11 


28 


7 20 38 2S 


32 


8 21 n 47 


5! 


23 


6 21 04 19 


38 


7 21 37 37 


32 


8 22 10 55 


3* 


24 


6 22 03 27 


28 


7 22 36 46 


32 


8 23 10 04 


37 


25 


6 23 02 36 


28 


7 23 35 54 
7 24 35 02 


32 


8 24 op 12 


37 


26 


6 24 01 44 


2f 


33 


8 25 08 20 


37 


27 


6 25 00 52 


28 


7 25 34 n 


33 


8 26 07 2P-37 


28 


6 26 00 01 


25; 


7 26 33 19 


33 


8 27 06 3737 


2? 


6 26 59 09 


2p 


7 27 32 27 


33 


8 18 05 45 37 


30 


6 27 58 17 


29 

29 


7 28 31 36 


33 


8 2P 04:^437 


3^ 


6 28 57 26 


7 2P 30 44 


n 
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A T K^i^E of the Sun^j Mean Motion. 



Oftober. 



M. Ad. of Sun, 



II 



*^ <J / // 

p 00 04 0; 
9 01 03 ic 
9 02 62 If 
9 03 01 27 
9 04 00 35 



November. 



December. 



^. M, of Suv. 



^ o / // 

10 00 37 2C 
10 01 36 2942 
10 02 35 37 
10 Q3 34 45 
10 04 33 54)42 



9 04 59 44 
9 05 58 52 
9 06 58 oc 
9 07 57 g8 
9 08 56 17 



P 09 55 2i 

P 10 54 34 

P II 53 42 

p 12 52 50 3p 

J')! P 13 51 5P3P 



x6 p 14 51 074010 15 24 25 



M. Ad. of Sum 



3810 05 33 02 

38 



10 06 32 IC 



o / II 

II 00 II 3046 
II 01 10 3846 

II 02 Op 47 

n 03 c^ 55 
II 04 08 0346 

47 



10 07 31 IP43 
3pio 08 30 2743 
3Pio op 2P 3543 



3Pio 10 28 4443 

3Pio II 27 5243 

3Pio 12 27 OC43 

10 13 26 op 44 

10.14 25 1744 



17 9 15 50 154c 



p. 16 49 2J4C 
o 1-7 aSs^'ic 



44 



10 16 23 3444 



4c 10 18 21 50 44 



i8 

ip p 17 48-32'. 

2o|p 18 47 4c 4c 10 ip 20 5P|44 

2lj 9 IP 46 4P4OIO 20 20 0744 



10 17 22 4244 II 16 56 5248 



p 20 45 574010 21 IP 1545 



p 21 45 0541 
P 22 44 14 41 
p. 23 43 2241 



p 24 42 3941 
p 25 41 3941 

9 26 40 47 +1 

P 27 3P ^5 41 
p 28 3p 0441 

p 29 38 12 



10 22 18 244') 
10 23 17 3245 
10 24 16 4045 



11 JO 02 5347 

II n 02 0247 

II 12 01 1048 

II 13 00 1848 

II 13 5? 2748 



II 14 58 3548 
" 15 57 4348 



10 25 15 4945 

10 26 14 5745 

10 27 14 05 

10 28 13 13 

10 2P 12 2246 



II 05 07 12 
II 06 06 2047 
II 07 05 2847 

II c8 04 3747 
II op 03 4547 



II 17 56 0048 
II 18 55 0848 

II Ip 54 174P 
II 20 53 25 4P 
II 21 52 3349 
II 22 51 4249 
II 23 50 50 4P 



II 24 4p 58 4P 

II 25 4P 07 4P 

II 26 48 15 4P 

II 27 47 2350 

II 28 46 3250 

II 2p 45 40 50 
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JjIlab l e of the Sun^s Mean Motion. 



tJours 


• t ii\ 




Hours 


r /f 


• / ... 


I - II lit 
a in irrJ 




f 


/ • II til 


u • 




If 


If III nil 


I . 


. 02 28* 


3» 


I 16 23 


2 


04 s^ 




32 


I 18 51 


3 


07 24 




33 . 


I 21 19 


4 


09 51 




34 


I 23 47 


. 5 


12 19 




35 


I 26 r4 


6 


14 47 


36 


I 28 42 


7 ! 


17 15 




37 


1 31 10 


8 


19 43 




38 


I 33 38 


9 


22 II 




39 


I $6 06 


10 


24 38 




40 

41 


I 38 34 


II 


27 06 


I 41 02 


12 


'29 34 




42, 


I. 53 29 


13 


32 02 




43 * 


I 45 57 


14 


34 30 




44 


r. 48 25 


»5 


36 58 




45' 


I: :50 53 


16 


39 25 


r 53 21 


17 


41 53 




47- 


r 55 49 


18 


44 21 




48. 


1 -58 16 


19 


46 49 


■ 


49 


2 00 14 


20 


49 17 




50 


2 03 12 


21 , 


9; 51 45 


1 


5» 


2 05 40 


22 


lO 54 13 


\ ■ 


52 


2 08 08 


23 


56 40 




53 


2 10 36 


24 


59 08 




54 


213 03 


25 


i 01 36 


\ ' 


35 


2 15 31 


26 


I 04 04 


56 


2 17 59 


^l- 


1 . 06 . 32 


'i ' ' .J 


57 ;] 


a ^ 20 . ?7 


z> 09 00 


! ♦• 


58 ^ 


2 22 55 


29 


1 II 27 




f^ 


2 -45 23 


,.3^0" 


' '? i^ 




60 


2 27 50 
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A Table of Equations, 



A Table of the Equation of the M. Motions. 



Sign o 
Suh. 



CI 58 
3 03 57 
3 05 56 

p07 55 
09 541 



6:i II 53 

7 3 1? 51 

8 3 15 48 

93 17 46 
ict5 19 44 

11 D 21 

12 Q 23 

13 3 25 
143 27 29 

I5P 29 24 




160 31 

P 33 

P 35 07 
ipo 37 01 

3 38 541 



2C 

219 40 441 
22 42 35,1 
3 44 25,1 
2;} 3 46 16 I 
2« 3 48 05 1 



55 54 
55 42 
55 281 
55 12 
55 53 



49 01 
4942 

50 22 

50 59 

51 34 » 

52 07 

52 38 

53 c8 

53 35 

54 coi 



'8 58|i 

30 041 

31 29^1 

32 42 

33 54 



5 49 521 35 03 

D 51 4OJI 36. 12 

) 53 261 37 191 

5 55 Il;l 38 241 

^ «;6 Swl 39 ^ 

S^?» ii.l 16. 
. AddX Add. 



54 32 
54 13 
53 46 
53 19 
52 5c I 



59 0230 

57 1429 

55 2^28 

38 260 53 3727 

37 200 51 4726 

36 no 49 5525 



35 010 48 0324 

33 490 46 lOi 

32 360 44 16 
3k 200 42 21 

30 03'© 40 26 



21 



28 45|0 38 3019 
27 25.0 %6 q2i8 



26 05^ 

24 39io 
22 i4;o 



54 23 

54 44 

55 93 
55 21 1 
55J5j»_ 

55 48,1' 
^5 5911 

56 09^1 
56 151 
56 2Pl 



9 , 
Adi\ 



49 14 < 
4832 

47 471 
46 591 
46 10 1 



45 2011 

44 261 

43 31 
42 34|i 
41 350- 



21 470 
20 ip 
18 4f 
17 170 
J5 44 



14 iclo 
12 34 

10 57 
09 19 
07 39 



05 58 
04 16 
02 22 
00 48 
5903 



36 32 

34 3417 
32 3616 

30 3615 

28 3714 
26 3713 
2436 
22 34 1 1 
20 32 



18 30 
16 28 
14 26 
12 22 

10 19 



10 



08,16 
06 12 
_Q4 08 
02 04 
00 00 
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Problem I. 

Shewing the Ufe of the prcceeding Tables in find- 
ing the Sun's Place in the Ecliptic for any given \Mo- 
ment of Time. 

PraHice. 

Let it be required to find the Place of the San for 
Jn. Bom. 1735, ^prU the Second, at three Hours, 
twenty-five Minutes, and forty-feven Seconds after 
Noon. To do this, obfervc the following Pre- 
cepts ; viz. 

1. Obferve, That every Day begins at its own 
Noon, and that the Roots of the Mean Motions in 
the Tables are calculated for the Meridian of Londcu^ 
and fitted to the Noon of the Day immediately fore- 
going the firft of January. 

2. In every Biflextile (or Leap) Year, after 1^- 
hruary^ one Day with its Motions muft be added to 
the Time given. 

3. As to the Tables, or Motions themfelves, thofe 
which ftand firft, are calculated for a whole Century, 
viz; from the Year 170 1 to the Year 1 801, by fix 
Epochae or Radical Years, which are diftant from 
each other juft twenty Years, which immediately fot 
low the Radical Years ; and thcfe are called the In- 
termediate or Current Years. 

4. The Motions are of the Sun ( or Earth pro- 
perly) and its Perihelion ; and when this-Latter is fub- 
ftrafted from the Former, the Remainder is called the 
Mean Anomaly ; to this Mean Anomaly in the Table 
of the Equation of the Mean Motions, there^ corref- 
ponds a Number of De^ees, Minutes, and Seconds, 
and is called the Equation, becaufe when added or 
fubftraftcd to, or fi-om, the Sun*i Mean Motion, it 

gives 
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gives the true or equated Place of the Sun in its 
O/bit. 

5. Thefe Things premifed, the Manner of folving 
thk Problem will be as hereunder fet. down; 



A, DAM.ofile Sun 



The Radix 1721 
Cnrrent Years 14 



S 
09 
11 



Of the Perlhe. 



M, Mot, for 1735 09 

JtffH this fecand I o j 

' H^urs 5 00 

„ ]^Cnurts 25^.00 

Seconds 47 ^'100 

%ie Mean Mot. ! 00 ii ig y^ 
£qaa£ioii add. I j ^ 26 



* . 5 / // 

20 52 '54' 03 67 40 10 

39 5^ 4^ DO 00 II 40 

20 29 40 

00 40 46 
00 07 24 
00 61 oi 
00 00 02. 



03 07 yi 50 
13 



S«tiViniePlacejo6 25 13 



19 



2Li7,lif3 Place orPerihcl. 
!L!ZJLl5M.ofPeri.fubft. 



^LLL'iJfMeaaAnoi^aly. 



II. 



JNTc/zr, The Signs are numbered thus, 

^ ^ ^ ^ 3 4 5 6 7 8 9 10 

T « XS a ?a^ « ni / W ^ K; 

Whence the true Place of the Sun for the givca 
TinleMs in the Sign Aries Y, the 24th Degree of that 
Sign; the i 2th Minute of that Degree, and the 20th 
Secondof that Minute. 

Thdt every Thing may be cW ^nd plain, I fhall 
fubjojn an. Example of ifinding the Sup's Place on the 
25th .Day ofjicve^hery h the "Tearof our Lord 
i8of^.^,f)recifely at Np^ ; that Y^ar b<3ffig a Bifl^xtile 
or Leag'^ear. , ; " \^ ' - ' , 

lidhcQ' on that Arcouiiti inftead of the 25th Day, 
we muft take the TVIotipn of the '26ih Day of* that 
Month,, and then: the. !Work will ftand as. below. ' 



A.D. 
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A. D. 



The Radix 1781 



M. eftle Sun 



09 21 20 06 



Of the Perth. 



5 # 1/ 
8 46 50 



Current Years 19 ii 29 24 14I0 o 1$ 50 



M, Mot. for i8co C9 io 44 zo''- 

November 7 . 

BilTextile > "^^^ ^° ^^ >5 49 

The M. Motion 7 i6 00^09^ 
Equation Subil. 1 33 50 

Sun*ft true Place 7 14 36 19 



9 or 40 

45 

9 9 03 z^ Place of FerilieL 

7 16 00 09 Sun*s M. Mou 
3 9 03 25 M. of Peru ittblL 



4 6 26 44 Mean Anonudj. 



That is, the Sun will at that Moment occupy the 
15th Degree of TH or Scorpio^ the 27th Minute of 
that Degree, and the twentieth Second of that Minute. 

The Time I here ( and fliall all along ) mean, h 
the Mean, Aftronomical or abfolute Time ; fuch as is 
meafured by the equable Motion of a Pendulum- 
Clock, Watch, Csfr. and not the Apparent or Vulgar 
Time, which is meafured by the unequal Motion of 
the Sun, on a Dial, i^c. The Latter fometimes dif- 
fering confiderably from the Former, and remiires 
a farther two-fold Equation to have the Sun's Place 
adapted to it. 

You muft take notice alfo in the Ufe of thcfe Ta- 
bles, not to confound the common Day, which begins 
at Midnight, with the Aftronomical Day, that be*- 
gins at the Noon following. For the 7 th common 
Day at 8 a-Clock in the Morning, is but the 20th 
Hour of the Sixth Aftronomical Day ; and the 5th 
Hour of an Aftronomical Day is the 17th of a Vulgar 
or Common Day, or 5 at Night. So much for find- 
ing the Sun's Place in the Ecliptic for any given Md* 
mcnt of Time, 

Pro* 
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Problem II, 
To find the Latitude of any Place. 

Prague. 

This (amongft 
many other ways 
is moft eafily 
and very exaftly 
done, by taking 
the Altitude or 
Elevation of the 
North Pole a- 
bove the Ho* 
.rizon of the 
Place, by means 
of a very good 
Quadrant, or 
Seftant. For 
this Altitude or 

Elevation of the North Pole is equal to the Latitude 
of the Place, which is equal to its diftance from the 
Equator, as is evident from the adjacent Scheme. 

For therein -^ ^is the Equator -, HO the Horizon 
of the Place whofe Uertex is J^ -, B D is the Axis of 
the Earth, pointing diredly to the North Pole at P ; 
draw ^^ parallel to HO, and fuppofmg a Spe6btor 
at S obferving the Height or Elevation of the North 
Pole, which he finds by his Quadrant to be the Angle 
P5yf = 50^ 56'; I fay this is equal to the Angle 
VC jEy or the Arch V JE, the Diftance of the Place 
V from the Equator. 

For fince -^ ^ is parallel to HO^ the Right Line 
P D fhall interfeft each in equal Angles, and fo the 
AngleP5>f =C//; But fince FC^f + 5 C K = 
£CH+5Cr=a Right Angle -, therefore BCV 
being taken fi^om each Side of the Equation, VC M 

= BCH 
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^BC H ( = P S A) = 50' 5&, the Latitude of 
this City of Cbichefter ; and thus is the Latitude of 
any other Place to be found. 

Problem III. 

To find the greateft Declination of the Sun, or the 
Obliquity of the Ecliptic, or the Angle which the 
Sun's ( or Earth*s ) Orbit makcth with the Equator. 

PraSke. 

Obferve very correftly the Meridian Altitude of die 
Sun on the Days of the Summer and Winter Solftioet 
then fubduft the Latter from the Former 5 and half 
the Remainder or Difference, will give the Obliquityr^ 
or Angle of the greateft Declination from the Eqoi* 
noftial ; for Example. 

Suppofe ( in the foregoing Scheme ) that V repre« 
fents the Tower of London^ where the Elevation of 
the North Pole 5 C H = ^C^ =4 51^ 32' exadly. 
In the Summer Solftice, the Sun enters the Tropic of 
Cancer, and his Meridian Altimde is then there O £ 
ta 6i« 57'. But in the Winter Solftice the Sun be- 
ing in the Beginning of Capricorn, his Meridiaq Alti« 
tude is then OL = 14^ 59^ 

9 f 

Whence fbm O £ ss 61 57 

Subduft O L:=i 14 59 

Di&rence £ L ss 46 58 

The Half therefore £ C ^ = 23 29 = Obliquity 
of the EcliDtic, or the Sun*s greateft Dadination from 
the Equinodiah 

VOL. IL Gg Pro- 
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Problem IV. 

The Sun*s Place, and greateft Declination given, 
to find his prcfent Declination. 

PraSike. 

I demand the Sun's Declination on the 12 th Day of 
May^ Anno Bom. 1^35, his Place being then in ic 
i^ 46', and the greateft Declination 23^^ 29'? 

In the Right-an- 
gled Spherical Tri- 
angle A B C^ right- 
angled at A^ there 
is« given the Angle 
AB.C = 23? 29', 
and the Side or Hy- 
pothenufe B C ts 
61^ 4^61 the Sun's 
Diftance from the 
£quino£tial, to find 
the Side AC^ the pre- 
fent Declination, by 
Cafe 2, Var. 2, in 
the Synopfis. 




10.0000000 



Analogy. 

As Radius — — ^ 

Is to the Sine of 5 C = 61^ 46' •— 9.9449899 
So is the Sine of 5 = 23 9 29* — 9.6006997 

TotheSineoftheDeclin.vf C = 20^ 34*^456596 
as' was fought ' 



Pro- 
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Problem V, 

The Sun*s Place, and greateft Declination given^ to 
find the Right Afcenfion. 

Pra^ice. 

f Suppole May the Firft, 1735, the Sun's Place be 

[ ji i^ 4.6\ what is the Right Afcenfion ? 

In the Triangle above, there is given 5 C = 61P 
46^ and the Angle jB = 23^ 29^10 find the Side 
J Bj or Right Afcenfion. 

Analogy. 
As the Co-tangent 6f5C = 61^ 46^ 97299295 
Is to Radius — — . 10.0000QOO 

So is the Co-fine of jB = 23^ 29' — 9.9624527 

To the Tangent of R. Af. AB = 59^ 39' 10.2325232 

Or thus, by the Analogy in the Synopfis, Cafe 2, 
Var. 1. 

csB : R :: c t B C : ctAB\ 

Varied thus .^ • 

R : tBC :: csB : t\4 Bi ■ ' 



Ppoblem VI. 



..V;T 



Given the Sun's gceateft and pfefeht t>eclinapolij 
to find the Sun's Place, and Right Afcenfion. '<' ' ' •- 

Pra£lice. 

Suppofe the prefent peclinatioo \^i the .Sap be 
20^ 34', what is his Place, and RigKt Afcenfion? 

In the foregoing Spherical Trian^e, there is given 
the Angle 5 = 23Q 29', and the Side. A C =3 
20*^34'; to find the Sides 5 C, and^J5-, the'An^r 
logies for which are tKefe, z;& s B i s AC ^ \ IC 
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'.sB C = 6i- 46/ = n I'* 46'. The Sun's Place. 
Then 

As R : ctB :: t JC : s BJ=z sg'^ 39/, the 
Right Afcenfion. This Problem being the Reverfe of 
the two laft, needs no Example in Numbers, 

Problem VIL 

Given the Sun's Place jr lo 46' and greateft De- 
dination 230 29^ ; to find the Angle of the Sun^s 
Pofition, or that Angle which the Ecliptic makes with 
the Meridian, viz. AC B. 

PraUice. 

Ufe the Analogy in the Synopfis Cafe 2, Var. 3 5 
faying. 

As theCo-fine of J5 C =s 610 46/ — 9.6749194 
Is to Radius — — 1 0.0000000 

So is the Co-tangent of B = 23 <> 29' 10.3620437 

To the Tang, of the Ang. C — 78© 23' 10.6871243 

Or thus; R : csBC : :tB:ctC^^i^ 23A 

Notey H the Sun's Place and prefent Declination be 
given, that^is, J5 C and ^ C ; then the Angle C is 
found thus \ 

R:ctBC:MAC\csC^y%'' 23'. 

Alfo if the prefent Declination ACy and Right Af- 
cenfion B Ay he given, the Angle C is found by this 
Analogy. 

s c A : R: : t B A : : i C ss: yio 23'. 

Varied thus, 

R : ct BA :: sCA : c t C =: yS^ if. 

Problem VIII. 

^ Given the Latitude of the Place, and the Sun's De- 
clination, to find its Amplitude of Rifing and Setting, 

. PraStice. 
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PraHke. 

Suppofe at Cincbejier it be required to find the Sun's 
Amplitude, May the ift, 1735, when the Declina- 
nation is 20^ 34^ by Prsb. 4# To anfwer this. 

In the Scheme an- 
nexed, there are form- 
ed two Right-angled 
Triangles A B C^ and 
C P Hy by either of 
which this Problem 
may be fatisfied. For 
in the Triangle JBC^ 
befides the Right-an- 
gle at Ay there is gi- 
ven the Side A C, 
which is the prefent 
Declination, and the 
Angle at B the Com- 
plement of the Latitude ; to find the Amplitude B C 

Alfo in the Triangle C P Hj Right-angled at //, 
there is given the Side HP the Latitude, and C P 
the Complement of Declination, to find H Cj the 
Complement of the Amplitude. 

In the Triangle ABC^ the Analogy is this. 




As the Sine of 5 = 39® 04' — 



Is to the Sine of 
So is Radius 



AC =z 20^ 34 



; 



97994951 
9-5456896 



— 10.0000000 



To the Sine of the Amplit 5C=33® 52' 9.7461945 



In the Triangle C P Hj this is the Analogy ; 
As csPH:R::csPC :csHC= 56^ oSK 
Hence we fee on that Day the Sun will rife and fct 
33^ 52^ fi-om the Eaft and Weft Points of the Hori- 
zon 
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zon towards the North ; or 56^ 08' from the North 
towards the Eaft or Weft Points of the Horizon ; that 
is on the Points JV£ by £, and liW by W^ very 
nearly. ^ 

Problem IX. 

Given the Latitude and prefent Declination, to find 
the .Afcenfional pifierence ; and ib the true Time of 
the Sun's Rifing and Seting, and the Length of Days 
and Nights. 

PraSiice. 

En^ample. Let the Latitude be that of Chichejier^ 
viz. S6^ 56'y and the Sun's Declination 20Q 34/, as 
on May 12th, 1735 ; I demand the Afcenfional Dif- 
ference ? 

In the foregoing Scheme, by either of the two 
Right-angled Triangles JBC, ov C P H, this Pro- 
blem alfo is to be anfwered. 

For in the Triangle ABC^ the Side AC^ and An- 
gle JB, are given to find A By the Afcenfional Dif- 
ference. 

Alfo in the Triangle C P Hy there is given HP^ 
and C P, to the Angle at P the Complement ©f the 
Afcenfional Difference. 

•Tis moft direftly found by the Triangle ^ 5 C, 
whofe Analogy runs thus, 

As Radius .— — . 10.0000000 

Is to Co-tangent of 5 = 39^ 04' — 10.0905978 
So is the Tangent of A C z=z 20*^ 34' 9.5742761 

To the Sine of A B = 27? 32' ?— 9.6648739 



Thd 



/*^^^^v 
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The Analogy for finding the. fame in the Triangle 
CP//, is this; As / PC: i? :: tPHi csP:=s 

62t 28', 

Or varied thus ; 
As R : ctPC :. tP H : csP. 

Now the Afcenfional Difference AB being found 
27* 32f, this Motion in the EquinofUal is performed 
by the Sun in i Hour, 50 Minutes, 8 Seconds of 
Time ; and this being the Time the Sun rifeth before, 
and fetteth after, 6 a-Clock, *tis evident the Sun will 
then rife at 4 H. 9 M. 52^' in the Morning ; and 
fet at 7 H. 50' 8^' at Night. 

Confcquendy the Length of that Day will be 15 H. 
40' 16'^; and the Length of the Night 8 H. 19' 44^^ 
as was required. 

Problem X. 

Having given the Right Afcenfion, and Afcenfional 
Difference •, to find the Oblique Afcenfion, and De- 
icenfion. 

PraSlice. 

I. if the Sun be in Northern Signs, fubflraft the 
Afcenfional Difference from the Right Afcenfion, the 
Remainder is the Oblique Afcenfion. 

The Difierence is the Oblique Afcei^ioa == 32 07 

2» Alio to the Right Afcenfion •«« 59 39 
Add the Afcenfional EKfference ««- 27 32 

The Sum is the Oblique Dcfceofioit ~ 87 11 

3. But 
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3, But if the Sun be in the Southern Signs, the Sum 
ot the Right Afcenfion and Afccnfional Diflerence gives 
the Oblique Afcenfion -, and their Difference, the 
Oblique Dcfcenfion^ . 

Problem XL 

The Latitude and Declination given, to find the 
Time ( Morning and Evening ) when the Sun will be 
due Eaft and Weft, 

Practice. 

In the adjacent Di- 
agram, there are form- 
ed two Right-angled ^ 
Triangles ABC and 
CPZ, in either of 
which this Problem 
may be anfwered. For 
in the Triangle ABC^ 
there is given the Side 
A Cy the Declination ; 
and the Angle at B the 
Latitude ; to find the 
Side A By the Time 
before and after fix a- 
Clock, wherein the Sun will be in the Azimuth of Eaft 
^nd Weft Z iST, in the Point C. 

Alio in the Triangle C P Zy there is known, the 
Side C P the Co-Declination -, the Side Z P the 
Co-latitude; to find the Angle P, the Time from 
Noon, fc?r. 

Example. I demand what Time the Sun will be 
doe Eaft or Weft on May the 12th, 1735, when the 
Declination of the Sun will be 20^ 34', at Cbkbefler^ 
whofc Latitude is 50^ s^^ ? 

In 
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I in the Triangle AB C^ we have this Analogy ; 

\ As Radius — — — lo.ooooooo 

To the Co-tapgent of 5 2= 50^ 56^ -^ 9.9094022 
So is the Tangent of AC i^ 20^ 34' — 9.5742761 

To the Sine of B A z=z 170 43' — 9.4836783 

Now the Motion of 17^ 43' is performed in i 
Hour 10^ 56'* ; Whence the SUn is due Eaft in the 
Morning at 7 Hour 10' 56'', and at 4 Hours 49 04'^ 
in the Afternoon, he will be due ^ft. 

In the Triangle C P Z, we have this Analogy 5 
As tCPlRtltZP ICSP =zy20 17; 

This reduced to Time gives 4 Hours 49' 04'/, the 
Time in the Afternoon ; and this fubduftcd from 12 
Hours, leaves the Time 7 Hours 10' 56'^ in the 
Morning ; both as before. 

Problem XII. 

The Latiwde of the Place, and the Sun*s Decli- 
nation, given ; to find his Altitude when due Eaft 
or Weft. 

PraSlice. 

In the two Triangles A B Cj or C P Z ( fuppo- 
fing the Time and Place, the fame as in the laft 
Problem ) there is given in the firft Triangle ABCy 
the Side -^C = 20^ 34' the Declination, the Angle 
B = 50** 56' the JL.atitude oiCbicbefter % to find the 
Side B C, the Altitude required. 
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Analogy. 

As the Sine of 5 = 50^ e^S^ — 9. 8^900929 . 
Is to the Sine o(.JC =z 20^. 34' —'9 545^74-5 
So is Radius = — 10.0000000 

To the Sine of the Altitude BC=z26^ 54^ 9.6555816 

' In the Triangle C P Z^ there is given C P, the Co- 
Declination, and Z P the Co-Latitude, to find the 
Side Z C, the Co-altitude required. For which you 
have this Analogy ^ viz. c s Z P : R : : c sC P ; esCZ 
= 63^ 06/. 

Problem XIIL 

The Latitude of the Place, and Declination of the Sun 
given, to find the Sun*s Azimuth at the Hour of Six. 

ProQice. 

Suppofe the Lati- 
tude that of Chtchefter 
50^ S6\ and the Sun's ,^ 
Declination 20® 34' as 
it will be on the 12 th 
of May^ A. D. 1735. 
Then, the Diagram 
being prepared, _ you 
will have therein form- 
ed, the two Right- 
-angled Triangles ABC^ 
;ind C Z Fy {^ either 
of which this Problem 
is fatisfied. 

For in the Right Triangle ABC^ there is the Side 
BC = 20*^ 34' th^ -Declination, and the Angle at 
^B =: 50^ s6' theXautude oi Chicbefter^ both given •, 

to 
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to find the Side A 5, the Azimuth of the Sun from 
the Eaft or Weft Points of the Horizon. 

The Analogy is 
As Radius — — . 10.0000000 

To the Tangent of 5C = 20^ 34' — 9-5742761 
So is Co-fine of B = 50^ 56^ — 97994951 

To the Tang, of the Azim. AB=ii$^ 18' 9-37377^'^ 

Wherefore the Azimuth of the Sun at fix in the 
Morning is about E by N and -J. ; and at fix in the 
Evening, fV by N and ^. 

Alfo in the Triangle C Z P^ there is given the Side 
C P = the Co-Declination, and ZP = the Co-Lati- 
tude ; to find the Angle at Z = the Azimuth from 
the North = ^ 0. 

^be Analogy for this iSy 
s P Z :R::t CP :tZ = y6Q^ 42'. 

Or varied thus^ 

tCP :R i.sPZ.ctZ 35 13; I8^ 

Or thus^ 

RictCP : isPZictZ. 

Problem XIV. 

The Latitude and Declination given, to find the 
Altitude of the Sun at the Hour of fix, 

Pra5lice. 

In the foregoing Diagram, and in the Triangles 
ABC and CP Z there are given the fame Things as 
in the laft Problem, to find the Side AC in the firft, 
and C,Z in the latter ; either of which anfwers the 
Problem. 

To find the Altitude AC^ this is the Analogy. 
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As Radius -^ ^-. -^ lo.ooooooo 

Is to the Sine of 5 C = 20^ 34' — 9.5456745 
So is the Sine of 5 = 50® s^' — 9.8900929 

To the Sine of the Al. at fix yfC= 15° 49*^=9.4357675 



In' the Triangle C P Z to find C Z = Co-altitude, 
this is the Analogy ; 

R:csPZ::csCP :csC Zss y^^ n'. 

Note^ The Altitude in Summer, is equal to the De- 
prcffion in Winter. 

Problem XV. 

Given the Latitude of the Place, the Declination, 
and Hour of the Day, to find the Sun's Altitude. 

Pra£lice. 

Cafe I. Let the 
Declination of the 
Sun be North 20^ 
34' at the Hour of 
10 in the Morning, 
or 2 in the After- 
noon (on the 1 2th 
of May^ 1735 )and 
in the Latitude of 
Cbichejler 50^ 56% I 
demand the Height 
of the Sun at that 
Time ? 

According to thefe Data^ let the Scheme be con- 
ftru£ted as hath been heretofore taught ; then there 
will be formed the Ob)ique Spherical Triangle CZP. 

In 




in various Trohlems cfthe Sphere. 237 

In this Triangle there is given the Side ZP tsz 35^ 
04', the Colatitude ; and the Side C P =: 69^ 26' 
the Co-declination ; and the included Angle at P =: 
30? 00', the Time to Noon i to find the Side C Z, 
the Co-altitude required. 

This is found by Cafe 4, in the SynopHs, thus ; 

As the Radius — — io«ooooooo 

To the Co-fine of — P =s 30^ 00' 9-937 5306 
So is the Tangent of ZP — 39® 04' 9.9094022 

To the Tangent of P L s= 35^ 06' 9.8469328 
Which fubftraft from CP ^ 69^ 26' ' 

There will remain — C L ss 34O no' 

Wherefore lay again ; 

As the Co-fine of ZPsa35^ o6»Co. Ar. p.0871672 
Is to the Co-fine of ZP=39* 04' — 9.8900929 
So is the Co-fine of LC=34^ 20' — 9*9^^^593 

To the Co-fine of CZ=38<> 25' — 9.8941 194 



The Complement of which to 90^ sss Z B, is CJB 
5= 5i« 35^ which therefore is the Altitude of the 
Sun the Time ipecified. 

0afe 2. Let the Declination of the Sun be South 
2o<> 3.4' i the Latitude, and Hours as above, to 
find the Altitude? 



The 
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The Scheme being 
conftruaed, th'bre is 
formed the Oblique 
Triangle C Z Pj in 
which there is given 
ZP = 39^ 04', the 
Co-latitude y the .An-. 
gle P = 30? 00' ; 
und the Side C P ( = 
AC^AP = 2o^ y^^ 
4. 90) = iio^ 34'; 
to_ find the Side C Z, 
the Co-altitude requi- 
red ; which is done by 
Cafe 4, thus. The Segment L P is found as in the 
foregoing Cafe of this Problem to be 35° 06^ ; hence 
C L will be 75^ 28'. Then fay. 

As the Co-fme of LP =3 5® 06' Co. Ar. 0.0871672 
To the Co-fine of Z P = 39^ 04^ — 9.8900929 
So is the Co-fine of C X = 75^ 28' — 9-3995754 

To the Co-fine of Z C = 76^ 14' ~ 9.3768355 




Whofe Complement to a Quadrant is 5C = 13Q 
46', aijd is the Altitude of the Sun, for the given 
Time and Declination. 

Cafe '7^. . Suppofe the Declination North 2o<^ 34' 
as before, bi4t th? Tinie 5 in the Mornii^, or 2 at 
Night ; I demand the Altitude of the Sun for mofe 
Moments in the Latitude of' Cbichejler 50S s^^ ? 



By 
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By thefe Data, 
conftruft the Scheme, 
and. you will have 
formed the Oblique 
Triangle C P Z, 
wherein there will b* 
given the Side ZP= 
39* 04' •, the Side 
CP = 69^ 26 \ and 
the Aflgle included 
ZPC— 105^00'; 
to fipd the Side ZC, 
the/ Complement of 
thef Altitude required. 




Let Tall the Krpendiculaf Z L on the Side C P 
coA^iilued opt ; a|pd\then to fii)d P,/i, fey by Unfi 4., 
zxA\Kxi2)i6^ \a Variety i. . ' 



-i. Tor<> 



As liadKis i / — . 
Is to the «o-ririe ^^ P 
So is the Tangeftt of ZP : 

-To* the Tangent of PL 
..To which add' --^ C P 

Thd Sum is — -C h =- StP'ig' 



10.0000000 

105'' 60^ - 9.4129962 

39^ 04' - 9. cj 0940 ^2 

ir^Ts^ -9.3^2-59^34 
- 69?: 26' ^^-=^-7- 



Now fay again-, .. . . 

AsthcCo-fine of PZ=ii^ 52'C6: Ar. 0.0093810 
Is to the Co-fine P Z = 39^ 04' ^— : .9.89PP929 
So is the CowfiTO of C L = 81^ "tS^ ■^' *^ 9:17972 65 

To the Co-fine of C Z =5 83^ 07' — 9.0792004 



Or the Sine of BC ^(i'i. 53* = Altitude of the 
Sun required. 

Pro. 
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PROB.LEM VI. 

The Latitude of the Place, Declination and Alti- 
tude of the Sun being given, to find the Hour of the 
Day. 

ProElice. 

Suppofe I obfcrvc 
the Declination of 
the Sun to be 20^ 
34' North, and his 
Altitude to be 51^ 
o^S^ in die Latitude 
of Chicbefter 50^ 56', 
I demand what Hour 
of the Day the Ob- 
fcrvation was made ? 

Having prepared 
the Diagram, there 
will be formed the 
Oblique Triangle 
C ZP^ in which there is given all the three Sides ; 
for the Side C Z = 38^ 25* = the Co-aldtude ; the 
Side Z P = 39P 04' = the Co-latitude ; and the 
Side C P =1 690 26^ = the Co-declination -, to find 
the Angle at P = the Hour from Noon when the 
Obfcryation was made. 

This is done by Cafe 5, or "Theorem 39, thus. 

Here it i§ C P — Z P = ^M ss 30^ 22'. 




Then 
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Thenfthe Sine of C P = 69° 26' Co. Ar. o.oz86oi6 
jthe Sine of Z P =t 39^ 04^ Co- Ar. 0.2005049 

Add ^the Sine of — ^i — = 34^ 24' 97520231 

[the Sine of ^ilH = 4<> 01' 8.8453874 
The Sum of all thefe is — — 18.8255170 



.P = i5^ 9-4132585 
=a P, the Angle of the 



The L of which is the Sine of 

The Double whereof is 30° 
Hour fought. 

This 30^ reduced into Time gives juft two Hours^ 
fo that the Obfervation was made either at 10 a* 
Clock in the Morning, or at 2 in the Afternoon. 

After this Manner the Angle P of the Hour may 
be found when the Sun hath South Declination^ as in 
the Triangle to Cafe 2 of the laft Problem ; and alfo 
if the Time be before fi)C in the Morning, or after 
fix at Night, as in Cafe 3, of the foregoing Problem -, 
fuppofing all the three Sides given there as here. 
Ppoblem XVIL 

Given the Latitude, Declination and Altitude of 
the Sun, to find his Azimuth. 
praSIice^ 

Suppofe thefe Data 
the feme as in the lafl ^ 

Problem ; 

CLatitade50 56^. 
•^ cDeclin^. 20 34 N. 

/Altitude 51 35. 

To find the Azi- 
muth or Angle CZP. 

Then in the Obli- 
que Triangle C2^P, 
there if given aUthe 
thnse Sd^, viz. C P 
«sr69« 26', CZ a 




It 
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380 25^ and Z P = ^g^ 04' -, Whence we find the 
Angle at Z == the Azimuth, as the Angle P was 
found in the laft Prdblem ; but for Variety's fake, I 
(hall here ufe the Method by a Perpendicular, ac- 
cording to Prob. 5, of Chap. 18. Making therefore 
Z P the Bafe, the Perpendicular let fall thereon is 
C I i and let i Z = JL M i then fay. 

As theTang.ofiZP==:i9« 32 Co. An 0.4500489 
TotheTangofi.CZ + .LCP=x53^ 55' 10.137411? 
SoistheTang.ofiCZ— 4.CP=:i5*» 31^ 9.4434786 

To the Tangent of 1. P M ^ 47^ 02' 10.030938? 

ttencc P Af=±94'' 04' ; wherefore P M—Z P= 
lMt=:55^ 00/ ; and the hilf of Z M is ZL=2y^ 30'. 

Therefore in the Right-angled Triangle L Z G 
there's given the Side C Z = 38^ 25', andL2 = 
27*^ 30', to find the Angle L Z C == the Aziiiiufh 
from the South. Thus 

As the Tangent of C Z == 38* 25' 9.8993682 
To the Tangent of L Z == 27^ 30^ 9.7164767 
So is Radius — • . — — 10,0000000 

To the Co-fine of Z^Z C = 48*? 59' ^"9781 71683 

"S^herefore the Angle C Z P ==.131^ oi^ and con- 
fequently the Azimuth of the Sun, or Point of the 
Compafs he is then upon, is 3 1. Points nearly frorii 
the Eaft towards the South ; that is, on the Point 
S E and 4 by Em the Morning •, or 5^and 4 by 
^ in the Afternoon. 

Thtfs alfo rftay the Azimuth be found for a South 
Declination, md for any Time of the Day. 

This Problem is very.ufeful to a PUUift, ia finding 
jbe Plane's DecKnation ; and 'tcr the Navigator in 

dif€€k- 
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difcovering the true Amplitude of the Sun, and its 
PifFerence from the Magnetic Amplitude, which is 
what we call the Variation of the Compafs. 

Problem XVIII. 

Given the Latitude of the Place, the Sun's Decli- 
nation, and the Horizontal Refraftion, to find the ap- 
parent Time of Sun's Rifing and Setting, and alfo Qf 
his apparent Amplitude. 

Problem V* 

Cafe I. [The La tit. 

50^56'iV. 

Suppofe^The Dedin. 

JHor. Refrac. 

Then in the Scheme 
adjoining, the Sun re- 
ally rifeth at A^ but 
becaufe of the 33* 
of Refraftion, it isfeen 
to rife at 5, when in 
truth it is in tl>e 
Point C below^ the 
Horizon 33' = 5 C; wherefore the Azimuth Circle 
Z B N^ and the great Circle P C, being both drawn 
through the Point C, ^hcre the Sun really is ; there 
will be formed the Qblique Triangle Z P C, in which 
all the Sides are given -, viz. Z P = 39^ 04' ; P C =? 
6^^ 26' -, and Z C :=z 90* 33' -, to find the Angle 
Z P C = Hour fi-om Midnight of the Sun's rifing. 
This I fhall find by ^eorem 39. Thus, CP—ZP 

= yf M = 30^ 22^ 

VOL, II. . li 2 Theh 
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— ^-^^"^"^ ' ■■■ « ■■■■ II i>- II . .. -.., .1,1, ,^, ^ 

Thenf the Sine of C P = 6()^ 26^ Co. Ar. 0.0286016 
J the Sineof ZP ss 39^^ 04' Co. Ar. 0.2005049 

Add ^ the Sine of ££±:^ == e^o 27' 9.9394821 

• the Sine of ^t- — s^ ^qo 06' 9.7002802 

The Sum of all is ~ _ ~8688688 

*. of which is the Sine of 4.2^^3=590 18'^=: 9.9344344 

Wherefore the Whole Angle ZP C = ii8«^ 36'^ 
whofe Complen^ent to 180^ is the Angk CPO = 
61O 24', which is the Hour from Midnight j and re-' 
ductd to Time, is 4 Hours, 5', 36^', the apparent 
Time of the Sun's RiCng on the firft'of May^ A. D. 
1 7 3 5- ^^^ ^^^ ^^^ Time of his rifing was found to 
be 4 Hours 9' 52'' at that time, by Frob. 9, Hence 
the Difference between the Angles JPO and CP O^ 
or the true and apparent Rifing and Setting of the 
Saa on that Day is 4' I6'^ the apparent Rifing be- 
ino- fa much the fooneft ; fo that the apparent Day 
is longer than the Aftronomical' Day by 8' 32''. 



Cafe 2. 
Suppofe<{ 



'The Latit. 

/;o^ 56' N. 

The Declin. 

\ 20« 34' ^z 
iHor.Refrac. 

I 00^ 33^. 
Then the Scheme be- 
in prepared, thefe will 
be formed the Obli- 
que Triangle G Z f^ 
in which the Side 
ZP = 39^04'; the 
Side ZC = 9o^ 33';. 
the Side CP= 110^34' 5 to findthe Angte CP Z ? 
HcreCP— ZP=5^M=;7i^30'. 'Then 
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Then f the Sine of CP= iioo 34' Co. Ar. 0.0286016 
the Sine of ZP = 39^ 04' Co. An 0.2005049 

Add i the Sine of — i — ==81^ oi' 9-994^399 

the Sine of — i — = 9* 32^ 9.2191164 

The Sum of all is .^ — 19.4428628 

^.ofwhichistheSine of :LP =: 31^ 46'^ 97^14314 

Wherefore the whole Angle Z P C is 63^ 32', 
which reduced to Time, gives 4 Hours 14' 8'', the 
Apparent Time of the Sun's Setting •, whofe Comple- 
ment to 12 Hours, viz. 7 Hours 45' 32^', is the Appa- 
rent Time of his Rifing. 

But by Prob. 9, the true Time of the Sun's Rifing 
is 7 Hours 50' 8'^ ; and of his Setting 4 Hours 
9' 52^* . Hence the ^ipparent Rifing is 4' 16^^ fooner 
than the True ; and trie apparent Setting is 4' 1 6'^ 
later than the True. Hence we obferve 

1. That by means of this Refradllon, we have, on 
the two Days the Sun comes on this Parallel of North 
and South Declination, 16' 32'' more real Day, or 
Sun-lWne, than we ihould have were there no Re- 
fraflion. 

2. That Gncc the Difference of the True and Appa- 
rent longeft and fhorted Day is 9^ 12", and of an 
Equinofii^ Day is 3' 48'^ 5 therefore we may take 
6' 30'' for a common Difference of the True and Ap- 
parent Day, one with another through the Year ; ajid 
thus upon the Account of this Refradion, we gain (at 
» Medium ) 391 Hours oF Sun-fhine, which is as 
good as the Addition of 3^ of Equinodial Artificial 
Days to the Year, which is ahnoft the. illuminated 
Part of one whcde Year ia every Cenlury, whidh I 

. riiiak is a Confidcration worthy the Notice of Divined. 

3. That 
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3. That the Reafon why the two great Luminaries, 
the Sun and the Moon, near the Horizon appear of 
an Oval Figure, is becanfc their inferior Lin^bs are 
more refrafted, and thereby raifed higher than the lii- 
pcriour Limbs are \ and fo thofe two Limbs will feem 
nearer to each other, and the Breadth of the Bodies 
contrafted, while both Ends of the; Horizontal Dia- 
meter being equally refi-a^tcd and raifed, keep the fanae 
Diflance and Magnitude. 

4. That the Difference of the True and Apparent 
Timcf of the Sun and Moon^s Rifmg and Setting is of 
very great Cpnfequence to the Aftronomer in the Bufi- 
nefs of the Eclipfes •, For *tis the Vifible or Appa- 
rent Time we have regard tp in computing how much 
of their Disks is obfcured in Rifmg or Setting aboyip 
pr beneath the Horizon. 

5. The Refraftion alfo caufeth a Difference of the 
Amplitude of the Sun-s Rifing and Setting. For A O 
is the True Amplitude froni the North -, but 5 O is 
the Vifible or Apparent Amplitude, and is always le^ 
than the Former-, the Difference being the Arch 
AB \ and this mull be precifely heeded by the Mari- 
ner ; for elfe he will never gain the true Variation of 
the Compafs -, the Vifible, not the True Amplitude^ 
being to be taken for that Purpofe. 

Problem XIX. 

Given the; Latitude of the Place, the Sun's Declf- 
nation, with the 18 Degrees Depreflion below the 
Horizon, to find the Time of Break-a-day in the 
Morning;, and End of Twilight in the Evening, 

Pra£iice. 

By Obferyatiop, the Aftronqmers have found that 
the Crcptifcubm, or Twilight, begins in the Morn 

ing 
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ing, and ends in the Evening, when the Sun is 18^ 
below the Horizon -, which therefore I require for 
Jpril the 5th, when the Sun has 10° 00' North De- 
clination, and in the 'La.imde of Cbichefter 50^ 56 ? 

Having prepared the Diagram with its proper Cir- 
cles, and drawn the Parallel RRof 18^ Dcpreffion, 
there will be conftitu- 
ted the Oblique Tri- 
angle CZPj in which 
iall the three Sides are 
given. For the Side 
Z? = 39<> 04' i the 
Side P C =a: 8co 00' ; 
and the Side ZP (is 
always) = 1 08*^00' j 
to find the Angle 
Z PC^ or its Com- 
plement as being the 
Time from Midnight. 
Which is thus by I'he* 
orem 39. C P-^ZP =s AM = 40^ s^'- 

Then f the Sine of Z P= 39^ 04' Co. Ar. 0.2005049 
the Sine of C P = 8o« 00' Co. Ar. 0.0066485 

Add { the Sine of ^^±^ = 74^ 28' 9.9838404 
[the Sine of ^^"^"^^ =^33^ 32' 9.7422710 




The Sum is 



— — ~ 19-9332648 



The 1 Sum is die Sine of 4. P =e 6j^ 47' =9.9666324 



l^he Double of which is the whole Angle ZPC si 
135® 34 » this reduced to Time, is 9 Hours, 2' 16'' 
the Evening Twilight •, the Complement ot which to 

X2 Hgurs, 
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1 2 Hours, is 2 Hours, 57^44'', the true Time of the 
Break of Day. And thus it begins and ends on the 
17th of Augu[i. 

In this Manner you calculate the fame Things, when 
the Sun has South Declination. 

To find when the (horteft Twilight happens in all 
the Year, is a Problem ofadiftinft Nature from this 
above ; and is very abftrufe and perplexed in its De- 
monftration, as may be feen by the Inquifitive in the 
Works of Gregory^ Keil^ &cc. However I fhallgive 
the Analogy for finding it in any Latitude, as fuppole 
this of Chkbefier 50^ 56/^ and it is as follows. 

As Radius •»• • ,*- — 10.0000000 

Is to the Sine of the Latitude 50^ 5&* 9.8900929 
So the Tang, of half the Deprelfion 9^ 00' 9.1997125 

To the Sine ol the Sun's declination 7*^ 3' 9.0898054 



Now the Times of the Y5a;r^ when the Sun is upon 
that Parallel of Declination are March the 28th, and 
Oaober the 1% and on thofe two Days the Twilight 
is ihorteft of all 



.Problem XX, . 

Given die Latitude and Longitude df a Star or 
Ptaosei to find it» Declinatioo^ 



Pr^aUe. 



,..1 
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Pra£lice. 

Admit the Lon- 
gitude of the Goat- 
Star, called Capella^ 
be 3E i8j> 2' 30'', 
and its Latitude 2 2^ 
5V 47" North ; I 
demand its Declina- 
tion ? 

Having conftruft- 
ed the Scheme from 
what is given, there 
will be formed the 
Oblique Triangle 
C P E\ in which 
there is known the Side P E = 23^ 29', conftantly ; 
the Side C £ = 67^ 08' ic^^ the Co-Latitude ; and 
the included Angle CEP = 11° 57' 30", the Com- 
plement of the Star's Longitude from Aries T -, to 
find the Side PC =? the Complement of its Declination. 

Let fall the Perpendicular P R ; then by Cafe 4 
of Oblique Triangles, Variety i, thus fay ; 




As Radius — ■ — 


10.0000000 


Is to the Co-fine of P £ C = 1 1<» 57' 


9.9904699 


So is the Tangent of P £ =p 23° 29' 


9-^i795H 



To the Tangent of E R = 23° 02/ 9.6284262 

Then C E^E i?= C iisc 44^? 06' ; Whence fay -, 

As the Co-fine of jR£= 23^ 02' Co. Ar. 0.0360813 
Is to the Co-fine oi R C — 44° 06' — 9.8562088 
So is the Co-fine of P E = 23° 29' 9.9624527 

To the Co-fine of P C = 44^ 16^ — 9.8547"428 
VOL. 11. K k Whofe 
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Whofe Complement is 45^ 42' = ^C the Decli- 
nation North, as was required. 

Example 2. Let it be required to find the Declina- 
tion of Fanahi^vt ; whofc Longitude is ^ 29® 59' 
50'', and Latitude 21^4' 54'' South. 

According to thefe 
Data^ let the Scheme 
be prepared, and 
there will be formed 
the Oblique Trian- 
gle C EP^ in which 
there is given the 
Side PE=z2-^^ 29' ; 
the Side E C= 1 1 1 » 
4' 54'^ ; and the An- 
gle included PEC=: 
120^ 00' ; to find 
the Side P C -, which 
is done as before, by 
letting fall the Perpendicular 5 R, in the Complemen- 
tal Triangle C S e. 

For therein is given the Side S e =z P E == zg"^ 
29' ; the Side C e =s: Complement of £ r to 1 8o«» =: 
68^ 55' 06'/ ; and the included Angle S e C ;f= 60"^ 
00^ ; to find the Side S C^ or its Complement C A m 
the Declination South. Thus ; 

As Radius — — lo.ooocooo 

Is to the Co-fine of 5 i? C. = 60^ 00' 9.6989700 

So is the Tangent of 5 ^ = 23^ 29' — 9.6379563 

/ . 

To the Tangent of e R =^ 12^ 




15' 



9.3369263 



Then 
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Then C ^ — ^ /?= C /? =t= 56° 40' ; then fay ; 

As the Co-finc ofeR = \2° 1 5 ' Co. Ar. 0.0 1 0002 '^ 
Is to the Co-fineof RC ^ 56° 40' — 9.7399748 
So is the Co-fine of 5 ^ = 23® 29' — 9.9624527 

To the Sine of C yf= 31^ 02' — 9.7124298 

the Declination fought, and is South. 

P P O B L E M XXL 

Given the Longitude and Latituie of a Star or 
Planet, to find its Right Afcenfion ? / 

Pra£lice. 

The Right Afcenfion is required of the Goat Star 
Ca^Ua^ whofe Longitude is i 18^ 02^30", and its 
Latitude 22® 57' 47" North. 

In the firft Scheme to the laft Problem, in tlie Ob- 
liaue Triangle C P Ey there is given ( as is there fpe- 
cined ) the Sides P E and C £, and the included An- 
gle at E ; to find the Angle C P E^ or its Comple- 
ment JE P A ^ i\\t Complement of the Right Af- 
cenfion to 90^. This I fhall do by the Method with- 
out a Perpendicular, by Prob. 1, and 2. Thus •, 

AstheSineof.^^^i-^ = 45'^ i8'C A.0.1482529 

CF* KP 

Is to the Sine of ±=21^ 50' — 9-5704355 

So is the Co-Tangent of 4. PEC =r 5^ 58' 10.9809169 

P "^ C ""' 

To the Tangent of — = 78^ 42^ 10.6996053 

VOL. IL K k 2 Then 
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" — = — • — ■ — • ' 

^en fay again by Prob. 2. 

As Co-fineof 4. Sumof Sides 45 « 18^ C. A. 0.1528009 
Is to the Co-fme of 4. their Differ. 21^ 50' 9.9676741 
So is Co-tang, of -i ihclu. Ang. £=^5° 58' 10.9809169 

P JLC """ 

To the Tangent of —I- = 85^ 28'— 11.1013919 



Now to the half Sum — 8528 
Add the half Difference 78 42 

The Sum is — "164 10 == the Angle CP£, 
From which deduft — 90 

The Remainder is /^r = 74 10 = the Right Af- 
cenfion from Aries, as was required. 

In this Manner alfo the Right Afcenfion ot Foma^ 
hunt ( in the fecond Scheme to the foregoing Problem ) 
will be found 340^ 35' from Aries. 

Problem XXII. 

Given the Right Afcenfion and Declination of a 
Star or Planet, to find its Longitude and Latitude. 

PraSIice. 

This Problem is the Converfe of the two lafi ex- 
a6lly ; For admit the Right Afcenfion of the Goat 
Star Capella be 74^^ 10', and its Declination 45° 42^ 
North ; then in the Triangle C P E, there is given 
the Side P £ = 23Q 29' ; the Sides C P = 44^ 'I6^ 
the Co-Declination ; and the included Angle at P = 
164® 10- = Right Afcenfion from Capricorn, to find 
the Angle at £ s= the Longitude •, and C E ^ the 
Co-Latitude of the Star^ 

Froni 
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From the Angle C, let fall ' the Perpendicular C L 
on the Side E P ; then in the Right-angled Triangle- 
CLP, find L P thus •, 

■ As Radius — . — — 10.0000000 

Is to die Co-fine of L P C = 15** 50' 9.9832019 
So is the Tangent of C P = 44" 16^ 9.9888816 

To the Tangent of L P = 43° lO' -- 9.9720835 

Then L P + P £ = I. £ = 66° 39^ i then fay. 

As the Co-fine of L P == 43 ° i o' C. A. 0.1 3 7053(0 
Is to the Co-fine of C P = 44° 16' — 9.8547428 
So is the Co-fine of X £ = 66^^ 39' — 9.5980754 

To the Co-fine of C £ = 670 08' — ^9^5898712 

Which Complement is C D = 220 52* the Lati- 
tude-North. 

Secondly -, Then to find the Longitude, or Angle 
at E, fay i 

• As. the Sine of C £ = 67° 08' Co. Ar. 0.0355463 
Is to the^Sine of C P £ = 164° 10' — 9.4359<58o 
So is the Sine of C P = 44« i6f — 9.8438547 

To the Sine of C £ P = 11" 57' — 9.315 3090 

This being the Complement of its Longitude to 
Cancer s, = D © ■, therefore fubflra6t it from 90®, 
i there will reniain 78" 03' from the Vernal Equinox or 
Sign V, that is in s i8*> 03'. 

Note •, This is 30" more than the Tables give it ; 
but in thefe Operations, which are intended only for 
Examples, we do not regard fuch fmall Differences 
from the Truth of Things ; and the fame is to be 
remembered in other Places. 

PROr 
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Problem XXIII. 



Given the Latitude of the Place^ the Sun's Right 
Afcenfion, and the Altitude of a known fixed Star 5 
to find the Hour of the Night. 

PraElice. 

Admit the Latitude be 50^ s^\ the Sun's Right 
Afcenfion 228^ 45' ; and the Altitude of the Bull's 
Eye, or Meharan 32^ go' towards the Eaft of the 
Meridian ; thence to find the Hour of the Night. 

The Right Afcen- ^ 

fion of AldeharM is 
65° 8', and his Decli- 
nation 15** 5^\ 

Now by conftruft- 
Jng the Diagram there 
will be formed the 
Triangle C Z P, in 
Whkh all the Sides arc 
given \ Z P = 29^ 
04' = the Co-Latit. 

C^ == 57"^ 30' = the 

Co. Altitude ; and CP 

— 74"^ 05' the Co- 

Dedination ; to find the Angle Jp'jE the DifTercnce 

between the Right Afcenfion of Medium Cdi &f Ade- 

paran. 




Nof^ 
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Now C P — Z P = AM 35^ oi' ; Then 

Add f the Sine of Z P = 39^ 04 Co. Ar. 0.2005049 
I the Sine of C P = 74^ 05' Co. Ar. 0.0169777 

then^ *^ Sine of ^^^^^ =460 15' 9.8587561 
I the Sine of — — = 11^ 30' 9-^996553 

The Srnn of all is — — 1 9-3 759^40 

i.of wh. is the Sine of ^CPZ= 29^ 10' = 9.6879520 

b t 
Wherefore the Double of 29* ic gives 58 2o=CPZ ; 
which fub. from the R. Afcen. of Aldeh. 64 08 

there will remain the R. Af. qfMed. Cdi 6 48 
add thereto — •— — 560 00 



and from that Sum -r- 366 4? 

fubftraft the Sun's Right Afcenfion 228 45 

the Remainder is — — 1 3 8 03 

Which reduced to Time, makes 9 Hours 12' 12'^ 
the Hour of the Nighty as required. 

Note^ When the Angle C P Z is equal to the Stais 
Right Afcenfion ; then the Sun's Right Afcenfion 
lubdufted from 360^ ( the Cer Cdi then ) leaves the 
Degrees ^hich reduced, gives the Time of Night re- 
quired. 

If the Angle CPZ be greater than the Star's Right 
Afcenfion, the Difference fubdufted from 36c<>, leaves 
the Right Afcenfion of Medium Cceli^ from which take 
the Sun's Right Afcenfion, the Remainder reduced tx> 
Time, gives the Hour fought. 

Pro- 
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Problem XXIV, 

Given the Obliquity of the Ecliptic, and the Right 
Afcenfion of Medium Codu or Mid-Heaven •, to find 
the Culminating Point in the Ecliptic. 

Tra^ice. 

Admit the Right 
Afcenfion of Medium 
Cceli be 140*? ; then 
that's 40<> fhort of the 
Equinox €i^ =. M "^ \ 
whence in the Right- 
angled Triangle J?t2; 
£, there is given the 
Side ^:£3 = 40<^ 00'; 
and the Angle at «£: == 
23^ 29^ ; to find the 
Side E !2», the Point E 
being that which is 
fought in the Ecliptic. 
"Wherefore fay thus y 

^r As the Radius 

- Tq^ the Co-fine of -^ tfis £ = 23^ 29' 9.962452 
So is the Co-tangent of ^ tf^ z= 40*^ 00' 10.07618^65 

jTo'the Cq-tangent of £:2; = 42© 28^ 10.0386^ 




lO.OOOOOCO 






^' 



^;3.??^hat is in the Divifion of the Ecliptic i — 12 — 28 
Which* fubftrafted from — 6 — 00 — 00 



T- 4—17—32 



There remains the Diftance 

from the firft Point of Aries, viz. SI 17^ 32' the 
Point of the Ecliptic culniinating, or on the Me- 
f idian. 

Pro- 
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pROBtBM XXV. 

/ 

Given the Obliquity of the Ecliptic, and Right Af- 
cenfion of Medium Cali^ to find the Meridian Angle. 

Pra5Iice. 

In the Scheme to the laft Problem, in the Triangle 
JE^E^ there is given, the Side ^ ft =: 400 00' } 
and the Angle zx£^:=: 130 29' ; to find the Angle 
yS £ A, made by the Interfeftion of the Ecliptic and 
Meridian. 

^e Analogy is ; 

As the lladius — - •— 10.0000000 

To the Sine of :A- =s 23^ 29' — 9.6004090 

So is Co-fine oi jE^ = 40' 00' — 9.8842/540^ 

To the Co-fine of £ = jz^ 14' — 9.4846630 

Problem XXVI. 

Given the fame things as in the two laft, to find the 
Declination of the Culminating Point. 

In the aforefaid Triangle jE ^ E there is as before 
fpecified, the Side M :^ ; and the Angle at t?3, to 
•find the Side jE jE, which is, the Declination of the 
Culminating Point. 

^e Analogy is thus. 

As Radius -^ — lO^I^OCSQooo 

To the Tangent of tfs = 23® 29' — •• ^i&'^'j^^6i 
.So is the Sine of -^tai = 40^ 00' -^ 9-8080675 

To the Tangent of ^ £ as 15^ 36'^ — 9.4460238 
; VOL. II. ' Ll '■ Notei 
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Note \ The Declination of this Culminating Point 
is North, when the Right Afcenfion of Medium Cceli^ 
is lefs then i8o<>, as here ; but when it exceeds i8o^, 
then is the Declination South. 

Problem XXVIL 

Given the Latitude of the Place, and Declination 
of the Culminating Point, to find the Altitude of 
Medium Ccsli^ or Culminating Point in the Ecliptic, 

PraSlice. 

Admit the Latitude be 50* 56^^ and Declination 
of the Culminating Point 15^ 36' North, 

^ i 

Then to the Complement of the Latitude — ^ 39 04 

Add the Declination of Medium Cdi — 15 36 
The Sum is the Altitude of Medium Cali — 54 40 

If the Declination were South, the Difference be- 
tween it and the Complement of the Latitude, is the 
Altitude fought, viz. 23^ 28^ in theprefent Cafe. 

Problem XXVUL 

Given the Altitude of Mi4-beaTCn, and the Meri- 
dian Angle, to find the Altitude of tiie Nonagefima 
Degree, or the Angle the Ecliptic makes with the 
Horizon^ 

Prallice* 

In the Scheme to Proh 24, and in the Redbin^e 

Triangle £ffM, right-angled atH, there is given 

rtheSide if £ =*.54«i4X>', the Altitude of MkJ-heava, 

.41& fi>und by the laft ; and the Meridian Angle HEM 

m yi^ 14', as foupd per Prob. 25 1 to find the An- 

gjie 
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gle H M E^ the Altitude of the Nonagcfima, or 
90th Degree diftant from M in the Ecliptic. To do 
-which this is 

TZv Proportion. 

As Radius ~ — 10.0000000 

To the Sine of £ = 72^ 14' — 9-9787770 
So is the Co-fine of H£ == 54*^ 40' — 9.7621775 

To the Co.fine of HME = 560 35' ^.7409545 

the Altitude of the Nonagefima Degree, as required. 

Problem XXIX. 

^ Given the Altitude of Mid-heaven^ and the Meri- 
^lan Angkj to find the Place of the Nonagefima 
Degree. 

PraSlice. 

In the aforefaid Triangle, there are the l^me things 
given to find the Side M £, whofe CompleEnent to 
90°, is the Arch, which dedufled from the Place of 
Mid-heaven, farisfies the Problem. 

As Radius . •— — 10.0000000 

To the Co-fine of H £= 72<> 14' — 9.4846630 
So is tjie Co-tanged, oi H E = 54® 40/ 9.8505931 

To the Co-tangent of M E =: yy^ 49^ 9.3342561 
whofe Complement to 90^ is 12^ 11' ; this fubr 
dufted from the Place of Mid-heaven, or Point in the 
Ecliptics-culminating, which lies in f^ 17^ 32^ (as 
per Prob. 24, ) and there will remain the Place of the 
Nonagefima Degree \ viz. in Leo ft 05^ 21' as was 
required. 

VOL. II. L 1 2 me. 
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Note. When the Place C V^' «« K T « IT add r 
of Mid-heaven is in t S ^ TTJ^ « TTl / fub. 3 
the Complement of E M to or from the Place of 
the Mid-heaven ; the Sum, or Difference ( as here ) is 
the true Place of the Nonagefima Degree. See Lqad- 
better'j Jftronomy, Page 1^7' 

Problem XXX, 

Given the fame Things, as in the two laft, to find 
the Cufp of the Afcendant, or Horofcope, or Minute 
ot the Ecliptic afcending the Horizon. 

Pra^ice. 

The Place of Medium C^//, or the Point E, as 

found by Prob. 24, is diftant from Aries 4 17 32 
To which add the Arch — £ M == 2 17 49 

The Sum is the Place of the Afcendant 7 05 2 1 

That is in the Sign Scorpio ni 5^ 21'. 

Or thus -, • 

To the Place of the Nonag, Deg. 4 05 2 1 . . 
Add and Subftrafl three Signs 3 00 00 .^ ^ 

The Sum is the Place of the Afc. 7 05 2i» as before. 

The Dif. is the Place of the Defc. i 05 2 1 



Problem XXXI. . - 

Given the Sun's Altitude and Diftance from the Af- 
cepdant or Dcfcendant, to find the Paralla<9:ic Angjk. 

Praiiice. 
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PraSlice. 

Admit the Sun*s 
Place be in nr 14*^ 
59 •, and his Altitude 
40® 00' % then in the 
Scheme adjoin'd, and 
in the Right-angled 
Triangle 5CM, there 
is given B C ss 40^ 
00', the Altitude ; and 
C M sz 50® 22', the 
Diftance oi M 14,^ 
59' from the Afcen- 
dant «i 05® 21' •, to 
find the Angle B C M made by the Ecliptic, and 
Cn-cje of Altitude, To which fay thus ; 




22* 



10.0000000 
9.9 1 8 1627' 



As Radius ' '— •- 

Is to Co-tangent cJ C M = 50^ 
So is the Tangent of S C = 40** 00' — 9.9238135 

To. the Co-fine o( BCM — 45® 59' — ^ 9.841 gySi 
the Quantity of the Pafalla61:ic Angle, as required. 

Note. Bccaufe the Co-tangent of C M, is the Tan- 
gent of the Sun*s Diftance from the Nonagefima De- 
gree, Msplalnif^that be given, the Boblem inay 
be anfwered with only that Difference. . .. ^ : 

- Problem 3tXXIL ' 

Given the Latitude of the Place, and Oblique Af- 
cenfion of a Star or Planet \ to find the Time of its 
eofniical Rifing, 

PraSlice^ 
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PraSike. 

Admit the Obli- 
que Afcenfion of -fi?- 
mabant be 29^ 54/, 
(as found by thd 
loregoing Problems, 
I demand the - Time 
of his Coftnical Ri- 
fing at Cbicbeftisry 
Lat. so^ 56' ? 

According to this, 
let the Scheme be 
conftrofted i and. 
there will be formed 
Ae Oblique Trian- ' 

gle TB Jy in which there is given the Angle at 2 sb^ 
23^ 29/, the greateft Declination of the Sun ; The 
Angle TB A= iao"" 56'y the Supplement of the 
Go-Latitude tcF iSo^' 5 and th^ Side included Z Bz::s 
^9^ 54'> the. Oblique Afcenfioir -, to find the Side 
Ty4; the Point ^ being that Point in the Ecliptic 
which rifcth with tHe Star 'Rmabmf. Ift order to tHis^ 
let fall the PerpaKlieular TD^ then find the Angle 
DTBy by this Proportion 5 

- j$ls Radius ' *— •**• lo.ooQOooQ 

Is to the Qt^f^tci TB = 29<^ 54' — 9-937967+ 
So is the Tangept o^ PBZ s^ J9^ 04' 9^9094022 

To the Co-tangeptof Dt 6 = 549 52^ 9.8473696 



Then 
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Theni)rS+Br^=Dryf=78^ 21', Then 

fay J 

d I 
As the Co-fine oiDTA =78 21 C. A. 0.6947934 

To the Co-fine of DTB =s 54 52 — 9.76003 11 

So is the Tangent of 52* = 29 54 — 97596871 

To the Tangent of TA = 58 36 — 10.2145116 



Whence the Point A in the Ecliptic which rifcth 
with the Star is W 28® 36' ; and the Sun being in this 
Place about the 9th of May^ Ihews that is the Tiaie 
required. 

Problem XXXIII. 

Given the Latitude of the Place, and the Oblique 
Defcenficm of a Star or Planet, to find the Time of its 
Cofmical Settixig. 

PraMice. 

Admit the Obli- 
que Defcenfion of 
the Star Fomabant 
be 292^ 32^ I de- 
mand the Time of 
his Cofmical Setting 
at Cbicbeftery Lati- 
tude 5o« 56 ? 

The Scheme be- 
ing drawn, there is 
forjned the Oblique 
Triangle 5 ^r, in 
which there is given 
the Angle at r= 23^ 29* •, the Angle at B = 39^ 
04'>4uul the Side i r=: 67^^ 28', the Diftance of 

the 
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the Oblique Defcenfion from the Point Aries v ; to 
find the Side AY\ which by letting fall the Perpen- 
dicular TD^ is performed thus ; 

As Radius *-^ — . 10.0000000 

TotheCo-Qneof £r=s 670 28' — 9.5834491 
So is the Tangent of DBT^i ^g^ 04^ 9.9094022 

Ta the Co^-tangent of D TB = 72° 43' 9,4928513 

o r 

As the Co-fine of DTJ = 49 14 C. A. 0.18510O1 
Is to the Co-fine of DTB = 72 43 — 9-4728985 
So is the Tajigent of 5 T' = 67 28 — 10.3820615 

To the Tangent of -^^2* == 47 38 — 10.0400601 

That is in the Ecliptic, (hort of Aries i 17 38 
to which add fix Signs — — 6 00 00 

and fubftradt the Sum — — 7 • 17 38 
from twelve Signs — — 12 00 00 



Si 8 « 



there remains the Afcendant — 4 12 22 

that is 12^ 22' of the Sign Leo, in which Point the 
Sun is, about the 25th Dayof 7«/y 5 and that is the 
Time required. 

Problem XXXIV. 

Given the Latitude of the Place, and the Oblique 
Afcenfion and Defcenfion of a Star or Planet, to ffnd 
the Time of its Rifing Achronically ; and alfo of 
its Achronical Setting, 

PraHice. 
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Practice. 

The Solution of this Problem is deduced from the 
two tbregoing ones ; for (incc a Scar rifes achroni- 
cally when the Sun fets the Moment it rileth, there- 
fore find the Point of the Ecliptic which rifeth with \ 
the Oblique Afcenfion of the Star, and its oppofite 
Point will be that which is fought. 

Thus the Point of the Ecliptic which rifeth with 
the Oblique Afcenfion of Fomahant is V 28° ^56% 
whofe oppofite Point is wi 28® 36^, to which Place 
the Sun arrives about the Tenth Day of November^ 
and that is the Time when this Star rifeth achroni- 
cally. 

The Achronical Setting of a Star, is when it fettcth 
with the Sun ; therefore that Point ot the Ecliptic 
which defcends with the Oblique Defcenfion of a Star 
is the Point fought. 

Thus the Point of the Ecliptic which defcends .with 
...^^.-the-Oblique Dcfcenfion of Feniabant ]s 7!Si 12^ 22^ hy 
the laft Problem. 

Now the Sun comes to this Point about the 21ft of 
January \ and then will this Star fet achronically, as 
required. 

Problem XXXV. 

Given the Latitude of the Place, the Dcpreffion of 
the Star below the Horizon, and the Time of its Cot 
mical Rif\ng, to. find the Time of its Helical Rifing, 

PraSlice. 

The Helical Rifing of the fixt Stars and Planets, is 

only their getting out of the Sun Beams fo far a^ to 

yOL. II. Mm appear 
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appear vifible ; but as the Magnitude and Splendor 
of the Stars is greater and lefs, fo there is required a 
lefs or greater Diftance from the Sun, in order to their 
Vifibility. With regard to the Horizon, the Stars and 
Planets become vifible according to their Magnitudes, 
and require a particular Deprcffion of the Sun below 
the Horizon, as is hereunder fet down. 



Saturn — — 

Jupiter — — - 

Mars . — - .— — 

Venus — — 

JMercury — — 

The Moon, in the Day-time 
Stars\of the firft Magnitude 
Stars of the fecond Magnitude 
Stars of the third Magnitude — 
Stars of the fourth Magnitude 
Stars of the fifth Magnitude ~ 
Stas of the fixth Magnitude 
Nebulous Stars — - 

Now let it be required to find the Heliacal Rifing 
of the Star Fomabant of the firft Magnitude, at Chi- 
chefier^ Lat. 50^ 56^^ where he xifeth Cofmically 
when the San enters t^ 289 36'? 



"Let 



Depnejwn. 


J)eg. 


Min. 





i 


II 


00 


10 


CO 


11 


00 


5 


00 


10 


00 


5 


00 


12 


06 


13 


00 


14 


00 


15 


00 


16 


00 


17 


00 


18 


(X> 



in various Pr oh Jems of the Sphere. 26 j 



Let the Scheme 
be conftruded as in 
Prob. 32 ; draw the 
Parallel of 12^ De- 
preffion ( for Foma" 
hunt is a Star of the 
firft Magnitude) and 
thro' the Point of In- 
terfeftion with the 
Ecliptic at D, de- 
fcribe the Azimuth 
ZDJV; fo fhall 
there be conftitu- 
ted the Right-angled 

Triangle ABD^ in which calculate the Angle at A 
by Prob. 28, which you will find to be 21^ 36', the 
Altitude of the Nonagefima Degree ; befidcs which 
there is given the Side 50 = 12^, the Depreffion, 
or Arch of Vifion ; by which to find the Side A D, 
the Diftance of the Sun in D from the Cofmical Place 
at A^ to do which fay ; 




As the Sine of A = 21*' 36' 
Is to the Sine of 5 jD = 12^ 00' 
So is Radius -r — 

To the Sine of AB = 34^ 23' 



That is in the Ecliptic — 

To which add his Cofmical Place in 

The Sum is the Heliacal Place in — 



9-5659948 
9.3178789 

lO.OOOOOCO 



-- 97518841 


s 

I 




4 
28 


/ 

36 


- ffi 


02 


59 



^ Which Place the Sun occupies June the Thirteenth, 
and that is the Day fought ; for then will this Star be 
vifible at his Rifing in the Morniiig. 
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C H A P. 11. 

Spherical Trigonometry A^fixtA to Aftro- 
logy, fhewing how to ereB a Ca^Ieftial 
Scheme, or Figure of the Heavens^ for 
my given Time and Place. 

ASTROLOGERS divide their pretended Art 
into two Parts ; the Firft they term Mathe^ 
maticaU as being altogether wrought by the 
Dodlrihe of Spherical Trigonometry, and this is the 
Conftruftion of a Figure ( as they term it ) of the 
Heavens, and diftinguifhing it into twelve Houfes 
(as their Jargon is, J placing in each of them the 
Planet and Conftelktions belonging thereto for the 
given Time. 

The Second Part of Aftrology they call Judiciary ; 
as being a Kind of Divination, made from an Infp«c- 
tion of the aforefaid Scheme or Figure of the Hea- 
vens, of Matters and Things to Futurity ; as. the 
Revolutions of Kingdoms, the Fortunes of particular 
Perfons from their Nativities, and' Things loft, and 
who. are the Thieves, i^c. in abundance. The moft 
notable Authors, who have been infatuated with this 
inoft idle. and impious Piece of Vanity,, among the 
Ancients are i.,riolomy^ 2. AkahitiuSy 3. CampanuSy 
Vnd 4 Regiomontanus ; whofe feveral Methods for ereft- 
ing a Scheme, or dividing the Heavens into 12 Por- 
tions, which they call Houfes, by Domifying Circles, 
or Ciffles of Pofition, are as follows. 

I. Plolomy 
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I. Ptolomy divi- 
ded the Heaven? in- 
to twelve Houfes by 
Circles of Pofjtion 
drawn through the 
Poles of die Eclip- 
tic, and through 
every 30 Degrees 
thereof •,. beginning. 
to re^ckon at the At- 
ceniknt^ and count- 
ing every 30 De-.- 
grees of the Eclip- 
tic for the Space of . , 
one Houfe ; A Scheme of this Sort \% hcFc annexed, 

2. Alcahitius 
would have the 
twelv^ Houfes in 
the- Heaven to be 
dete/mined by do* 
mifyipg Circles, or 
Ch-cles of Pofition 
drawn through the 
Pofcscrf the World, 
an(i every 30 De-> 
grees pf the Equi- 
noftkl ; a^d where 
thefe Circles inter- 
le<a the EcKptic, 

are the Cufps of the twelve Houfes 5 $s they ar^ if)Ar||- 
ed in the Figure adjoijied. 

l^ote^ You muft count the 30 Degrees oij the Equi- 
no&ial, from that Poipt tiierein, wheire. the Meridian 
.paflSog through the Afcendwt doth inKrfeA it 




3. Canh 
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%. Campanus di- 
vides the Heavens 
into twelve Houfes, 
by Circles of the 
Points of Interlcfti- 
on of the Horizon 
with the general Me- 
ridian, and through 
every 30 Degrees of 
the Prime Vertical 
Circle^ or Azimuth 
of Eaft and Weft i 
and where thofe Cir- 
clet interfeft the E- 

cliptic, are the Cufps of the twelve Houfes ; as in the 
Diagram hereto annexed. 

4. Regiomontanus 

divides the Coeleftial 

Houfes by Circles 

of Pofition, paffing 

thro* the Interfeftion 

of the Meridian and 

Horizon, and cut- 
ting the Equinoftial 

in every 50 Degrees 

from the Afcendant ; 

and the Points where 

they cut the Ecliptic, 

are the Cufps or the 
• feveral Houfes 5 ias 

( in the Figure in the Margin ) does appear by the 

Numbers^ 

Of all thefe four Ways the Aftrolc^ers of thefc 

latter Times chufe to pradife by the laft ; and from 

an abiurd Opinion they have of it, prefume to call it, 
- - . the 
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^e Rational Way of Regiomontanus ; as if, forfbothv 
there were any Reafon for dividing the Heavens into 
twelve Parts this way, rather than by a thoafand others 
we might invent. 

The four Schemes above are general, adapted to 
the Lat. 50** $S\ the Horolcope in each being the 
firft Min. of Libra ; and confequently the Cufpides of 
the fevcral Hou(es are eafily known by CalcuiatiO»-« 
a Right-angled Triangle in the three firft Schemes ; 
and of a Right and Oblique One in the laft; But in 
the following Problems, I (hall Ihew how to find what 
Degree and Minute of the Ecliptic, conftitutes the 
Cu(p of every Houfe or Manfion in the Figure, for 
any particular Time and Place. 

Problem I. 

Let it be required to ereft a Scheme or Figure of 
the Heavens at Cbicbtfter^ Lat. 50** s&j for M^ the 
12th Day, at 36' 40" paft 10 at Night, ^. D. 1735, 
the apparent Time. 

In order to this, we muft firft find the Equation of 
Time, and thereby reduce the Apparent to the Equal 
or Mean Time. 

2. The Place of the Sun muft be found to the Mean 
Time precilcly. ' / 

3. The Sun's Right Afcenfion at the fame Moment. 

4. Time from Noon muft be reduced to the De- 
grees and Minutes of the Equator, by which means 
we (hall have the Right Afcenfion of Medium Cdi or 
Cufp of the loth Hpufe. 

5. Laftly, by the continual Addition of 30 Degrees 
to the Cufp of the lo^h Houfe, and the confequent 
Sums, we (hall obtain the Oblique Afcenfidn of the 
iith, 1 2th, ift,^2d, 3d Houffes ; and (b» this Work, 
according to the- Tirtie and Place in this Pfbblem*, 
will ftand in the feltowiBg Order. 

' VOL. II. N n jlnno 
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' AnnoD/)m. 1735, May 
jEquation of Time fubftrad 
Remains the Equal Time 
Sun's true Place then — . 
Sun*s Right Afcenlion -— 
Ap. Time from Noon add. — 
Right Afc, of AfeJ. C^fi — 
Add — — 

Ob. Afc. of the nth Houfe 
Add ~ ~ 

Ob. Afc. of the 12th Houfe 
Add — — 

Ob. Afc. of the Afcendant 
Add — — 

Ob. Afcenf. of the 2d Houfe 
Add ^ — 

Ob. Afcenf. of the 3d Houfe 



D. H. 

12 ID 

00 CO 

12 ID 

H 2 

60 

219 

30 
249 

30 
279 

30 

309 

30 

339 

30 

9 



M. S. 

36 40 Ap. Time. 

3 44 
32 56 
II 22 

6 00 

10 OQ 
16 00 
GO 00 
16 GO 
GO GO 
16 00 
GO. 00 
16 GO 
CO GO 
16 GO 
GO GO 

16 g6 



ftaving proceeded thus far, we may now conftmd 
%h^ Scheme; and 
firfl; let it be ac- 
cording to the Me- 
i;hod of Regiomon- 
tanus^ as is here re- 
,prefenced in the 
Margin, Where- 
in HZONis the 
•Meridian of the 
Place ; JE ^ the 
Equinoftial 5 whofe 
Poles are P and 5 J 
10 2 4, the Eclip- 
tic V H^0» -??50» , ^/ 
fc?r. are the Circles of Pofition ; P FszSL, the Ele- 
vation of the Pole above the Qrcks of Pofitiw of the 
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nth, 9th, 3d, and 5th Houfes, to which the Com- 
plement of the Angle H A Mi% equal j fo P G ps 
5 Jf is the Height of the Pole above the. Circles of Po- 
fition of the 12th, 8th, 2d, 6th Houfes, which is 
equal to the Complement of the Angle HB M. Now 
we fhall eafily find the' Elevation of the Pole above 
the Circles of the Houfes, and the Cufps of the fcve- 
ral Houfes, by the following Problems. 

Problem II. 

To find the Elevation of the Pole above the^ Circles 
of the iith, 9th, 3d, and 5th Houfes. . 

Pra8ice. 

In the Right-angled Triangle H M A^ there is 
given. 7/^ =?: 39<> 04', the Co-Latitude -, ztid AS A 
= 30® 00', the Diftance df the Circle of Pofition in , 
the Eqiiinoftial from the IVferidian ; . to find the An- .. 
gle at Ay. whofe Complement is the Arch P P^ the 
Height of the Pole required. /" 

^ &e Analogy. , , 

As the Sine of A M = 30^ do* -^ ' ^jCgt^yoo 
h to Rafdius — ' >^ .^^ -.t ^ loiooooooo 

Se^ is the Tang««: of ^ /? = 39^ o^^- ^^9:909402 2 - 

1*0 the Tangent oi HAE — 58^^ . 22^ "' ibyiio43.22 * 

Whofe Complement is 31^ 38' = P F^S L, the 
Elevation of the Pole abcW^d- thofc Circles of Pofition, 
as required. 

Problem III. 

' Td fifiid riie Elevation of the Pole above' the dr- 

dies of the 1 2th, 8th, 2d, and 6th Houfes. *'* 

Vol. IL N n 2 Pramce. 
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Pra£lice. 

In the Right-angled Triangle HBuSy there is 
known H^ = 39^ 04', v* 5 =5 60^ 00' ; to find 
the Angle at 5, whofe Complement is equal to P G 
the Height of the Pole required. 

^e Proportion, 

As the Sine of 5 -/£ = 6co 00' — 9.9375306 
Is to Radius — ^ — — 10.0000000 

So is the Tangent of J? /? = 39^ 04' 9.9094022 

To the Tangent of HB M = 4J.° 08' 9.9718716 

Whofe Complement is 46^ 52^ = P G «=r 5 K the 
Height of the Poles above the Circles of Pofition, as 
required. 

The Elevation therefore fio, 4, ^ := 00 00 

of the Pole above the Cirr 1 1 1, 9, 3^ 5 ! = 3 1 38 

clesof Pofitionofthcfevfe- ; 12, 8, 2, 6\ = 46 52 

ral Houfes ftands thus ( i* 7» J =5 5^ 5^ 

'ifote ; Thefe Elevations will be the fame in every 
Scheme erefted in the Latitude of Chichejier 50^ 50' 
for any Time of the Year. 

^ Thus having found the Oblique Afcenfion of the 
Houfes, and the Elevation of the Pole above their 
Circles of Pofitipn ; we proceed now to find the Cufps 
of the Houiesy as follows. 

Frqblem IV, 

To find the Cufps of the 10th and 4th Houfe/ 

PraSlice. 

in the Right-angled Triangle SiXA^ there is given 
the Side ^^=^39^ l^\ the Right Afcenfion t^ Imum 



§ 
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Cdi^ as being the oppofite Point in the Eouino&ial 
to 2 19^ 16' the Right Aicenfion of Mid. Cmi i there 
is alfo given the Angle at 7 = 23° igU the Obliquity 
of the Ecliptic ; to find the Side 7*4, the Longitude 
of the^ Cufp of the fourth Houfe m the Ecliptic. 

^€ Proportion. 

As Radius — — xo.ooooidop 

Is to the Co-fine of 7 = 23 « 29' — g^^Si^giy 
So is Co-tangent of T^zs 39* 16' — 10.08750x9 

To the Co-tangent of 7 4 =s 41^ 43' 10.0499546 

Sp the Cufp of the fourth Houle, or Inwn Cali^ 
is lA the Sign Taurus V 11^ 43^ the Oppofite Point 
to which is Scorpio ni 11^ 43^ the Cuip of the loth 
Houfe or Medium Call ^ as required. 

Problem V. 

To find the Cufpt of the xft HoMfe, H(»oicope, 
or Afcendant •, and or the 7th Houfe, or Defcendant ^ 

Prfiflice. 

In the Oblique Triangle iC Tj diere is given dlb 
Angjeatr=s23? 29'; the Angle at C 2x140® 56'i 
and the Side indudra CTx 50® 44', the Comple- 
ment of the Oblique Afcenfion of the Horofeojpe 10 a 
whole Grcle ; to find the Side 7 1, in the Eclipnc. 

The Sum of the Angles b -» 164 25 
The Diffinnce of the lame -«' 117 zy 
Then ^ Half Sum — — 82 12 ^ 

Half Difierence — -« 58 43 
The Half of the Side — 25 22 

Operai^ 
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; Operati&n. 

As theSineof half th^ Sum 8i« I2^C. A. 0.0040361 
Is to the Sine of half the Differ. 58^ 43/ 9.9317679 
So is the Tangent of half the Side 250 22' 9.67^8902 

To the Tangent of the.Dife^ 14/9.6116^ 

rence of the other two Sides 3 ^ ^ ^^ 

— ^ben fay agaiity . 

As the Co-fine of half Sum 82^ 12' C. A. o ^673703 
Is ta die Co-fineVjf half the Differ. 58° 43' 9-7153937 
So is the Tangent of half the Side 25* 22' 9.6758902 



/ 

Then to the half Sunj of the Sides 6i 08 
Add the half Difference — "22 14 



TheSum isthegrcit€arSidcTar5p«J)22 ; . ^ 

That is in the Ecliptic — , 2 23 22 
Subftraftfrom — — 12 00 

There remains ; •— 9 66 38 == tlie Gafp 

of the firit rtoufe, viz. ia '^ 06 38 =='thcpppo. 
fite Point to which is in Cancer S 66 :p == the Qii|>i 
of the 7th HCMife, or Defcenfdant. ' ' . ;' * 

Problem VL 

Ta-find4he Qii^sof the ad: zrid 8th Ifobfes. 

''''-■ ' 'TraBice.: \ ' ^ .■ ***^'' *■ 

In the Oblique Trkmgte 2 Z)r, there is given the 

Angk at r= 23^ 29' j the Angle at Z> = HB C 

^ = 136^ 
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= 136^ 52A by Proh. 3, and the Side included DT 
2o<> 44' the Complement of the Oblique Afccnfion of 
the 2d Houfe, to the whole Circle ; to find the Side 2 T^ 
the Diftancc of the Cufp of the 2d Houle from Aries. 

f the Sum of the Angles b 160 2 1 
I the Difierence thereof -^ 113 ^3 

Then \ the half Sum — 80 10 

I the half Difference — 56 42 
the half of the Side — 1022 

Now fay •, 
As the Sine of half Sum 80^ 10' Co. Ar. 0.0064277 
Is to the Sine of half Difference ^6^ 42' 9.9221062 
So is the Tangent of half the Side 10® 22^ 9.2622921 

To Tang, of j: Dif. of odier 2 Sides 8^ 49' 9.1908260 

Then lay again ; 
As Cofine of half the Sum 80® 10' Co. Ar. 0.7675550 
Is to the Co-fine of half the Differ. 56^ 42' 9.7395904 
So is the Tangent of half the Side 10^ 22^ 9.2622921 

To Tang, of 4. Sum of other 2 Sides 30^ 27' 9.7694375 

Then to the half Sum of the Sides 30 27 

Add the half Difierence — 849 

^ Ill I ■ 

The Sum the gr- Side fought 2 2" z= 39 1 6 

O 5 , 

That in the Ecliptie its — i 09 16 
which take from •— 12 00 00 

there remains --« 10 20 44 =3 the Cui^ 

of the 2d Houfe in Aquarius xM 2oi 44 5 whofe.op- 
pofite Point in the Ecliptic i3 £^ 20 44 a {he Qii|> 
of the 8th Hbufe, ^3. i¥quire4* , ^ , , .. ^ 

Pro- 
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Problem VII. 

To find t)ic Cufps of the 3d and 9th Houfcs. 

TraElice. 

In the Oblique Triangle TE '^^ there is given the 
Angle r= 23© 29' ; the Angle ztE-iziH AC ^ 
i2iO 38' ( by Proh. 2 ; ) and the included SideTJE 
= 9® 16' J to find the Side T^ the Diftance of the 
Cufp of the 3d Houfe from Aries. 

^ t 
C the half Sum of the given Angles b 72 33 

Then < the half Difference thereof is — 49 05 

C the half of the given Side — 438 

Now lay ; 
As the Sine of half Sum 72^ 33' Co. Ar. 0.0204612 
Is to the Sin«of half Difference 49 <> 05' 9.8783281 
So is the Tangent of half the Side 4^ 38' 8.9087190 

To Tang, of 4. Dif. of other 2 Sides 3^ 40' 8.8075183 

Then fey again ; 
As Co-fineof the half Sum 72® 331 C. Ar. 0.5230610 
To the Co-fine of half Difference 49^ 05' 9.8162152 
So is the Tangent of half the Side 4^ 38' 8.9087190 

To Tang, of 1 Sum of other 2 Sides 10^ 02' 9^247995^ 

Then to the half Sum of the two Sides — 10 02 
odd their half Difference •— -— 3 40 

The Sum is the greater Side fought T^ = 13 42 
That is in the Sine T 13^ 42' = the Cufp of the 3d 
Houfe I whofe oppofite Point ts? 13© 42' =: the Cufp 
of the 9th Houfe i M requued. 

Pro- 



r 
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PR.OBLBM * Vin. 

To find the Cufps of tKe nth and 5th Houfes. 
PraSlice. 

In the Oblique Triangle 11 A T^ there is given the 
An^e atr=: 23^ 29M the Axigle A 121® 38^; 
and the included Side yf 2" =t no® 44^ the Supple- 
ment of the Oblique Afcenfion of the nth Houfe to a 
whole Circle ; to fin4 the Side 11 J^ in the Ecliptic. 

. . C tliehalfSumofthegiyenAjoglcs 72 33 
Then < their half Difference — • 4-9 05 • 

(^ the Half of their given Side 55 22 

Now fay ; 
As the Sine of half the Sum 72^ 33'C. A. 0.0204612 
Is to the Sine of half the Difference 49*^ 05^ 9.8783281 
So is the Tangent of half the Side 55^ 22' 10.1^7025 

Then fiiy again ; , 
As the Co-fine of I t^eSum 72^ 3.3' C. A..0.5230610 
Is to the Co-fine of half the Differ. 49^ 05^ 9.8162152 
So the Tangent of half the Side 55^ 22' 10.1607025 

d # 

Nowjtothetjalf Sum of theSicJes — 72 27 
Add ;he Half Difference — — 48 54 

The Sum is the greater Side r^ 11. /= 121 21 

This in the Ecliptic is — — 40121 

Which take frcun — — 1.2 op op 

There remains — < — . 7 28 39 

^ VOL. 11. Oo Which 
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Which is in the S^n Scorpio "I 28^ 39' = Cufp of 
the nth Houfe, and its oppofite Point W 28^ 39', 
is the Cufp of the 5th Houfe, as required; 

Problem IX* 

To find the Cufps of the 12th and 6th Houfes. 

PraSlice. 

In the Oblique Triangle ii BTy there is given the 
Angle at / = 23® 29'; the Angle at JS = 136^ 52' -, 
and the included Side 5 T'ss 80? 44' ; to find d\e 
Side 122, in the Ecliptic. 

C the half Sum of the Angles given 80 10 

Then < the half Difference thereof — 56 42 

^ the half of the given Side — 40 22 

Now fay ; 
As the Sine of half the Sum 80^ 10^ C. A. 00064277 
To theSineof half the Difference s^^ 42' 9.9221062 
So is the Tangent of half the Side 40^ 22' 9.9294^16 

To the Tangent of half the Dif-? ^ ^i~T 77. 
fercnceofthe other two Sides j^ 35 47' 9-8579855 

Then fay again ; 
As the Co-fine of 4. the Sum 80^ 10' C. A. o.y 675550 
Is to the Co-fine of i. the Difference 56^. 42^ 9-7395904 

So is the Tangent of half the Side 40^ 22' 9.9294516 

I ■ ■III*—— 

To the Tangent of half the Sum >^ o * , 

of the other two Sides - ^^SUs' io^597o 

Off 

Then to the half Sum of the two' Sides 6^ 49 
Add their half Difference ~ -^ 35 47 

The Sum is the greater Side •— — 105 36 

This 
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— _ 

This in the Ecliptic is -— 3 15 36 
which take from — 12 00 00 



there will remain — 8 14 24 

which the Sign Sagittarius — ^ 14' 74 =r Cufp 
of the 1 2th Houfe ; and Gemini m 14 24 = the 
Cufp of the 6th Houfe, as being oppofite to the other. 
And thus by the foregoing nine Problems, have I 
calculated the Cufp of each of the twelve Houfes, for 
the given Time and Place •, and they are as hereunder 
fet down. 



The Cufp of the 



s 

[10 Houfe is in Til 
Jii — 
12 — 

1 — 

2 — 

i 4 Houfe is 



The Cufp of the 



h = 



7 

8 
[9 — « 





e 
II 


1 

42 


m 


28 


39 


/ 


14 


24 


A' 


6 


38 




20 


44 


T 


13 


42 


« 


H 


4? 


« 


28 


3P 


I 


14 


24 


S 


6 


38 


a 


20 


44 


« 


13 


42 



The like, by this Example, may be performed for 
any other Latitude and Time given. 

And Noie^ That as the Elevation of the Pole above 
the Circles of Pofition, fo alfo the half Sum, and 
half Difterence of the Angles, are always the fame 
in the fame Latitude ; and therefore having once 
found them, the Operations of this Nature will be 
piuch fliortned for the future. 

you II. Oq2 pi^o. 
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Problem X. 

To rcpreftnt the Face of the Heavens in Piano for 
the given Moment of Time, and aflign the Places of 
the Sun, Moon, Planets, and remarkable fixed Stars 
in the relpedlive Houfes. 

Pra^ice. 

I. Draw the Circle N EfJTS to reprefent the Hori- 
Tjon of Chicbejler^ and draw the Diameter N S for the 
Meridian or Circle of the Medium Cali^ or loth Houfe* 

2.- Set off the Half-Tangent of 39^ 04' from the 
Center F, ;:o P the Pole of the World. Alfo with 
the Secint thereof draw half the Equinox WAE above 
the Horizon, and the other half WL E below the 
Horizon, and is therefore dotted. 

3. Find the Amplitude of the Aicendantt and the 
Altitude of the Nonagefima Degree -, and then with 
the Secant of that Altitude draw the two Halfs of the 
Ecliptic, Ic^K above the Horizon, and /rX" below it. 

4. Divide the Ecliptic into its proper Signs and De- 
grees by Proh. 6, Cafe 3, Of the Stdreograpbic Problems. 

5. By the fame Stercographic Problem and Cafe> 
divide the Equinoftial into 30^, 60^, each way from 
A ; and through thole dr^w the Circles of Pofition of 
the 12 Houfes KIS-S, NDS.NG S, NHS -, thus 
will they interfeft the Ecliptic in the Cufp of each 
Houfe. 

6. Calculate the Place of the Sun, Moon, and Ha- 
nets from proper Tables, or elfe take them ft-om fome 
Ephemeris, and difpofe them in proper Parts 6f the 
Ecliptic to which they belong t alfo Stars of the firft 
Magnitude, and other fignificant ones may hz inferred 
from a Coeleftial Globe, or otherwife ; and thus Will yoq 
fee what particular Houfe they fevcfally pdflefs. An 
Examfjle of two kinds here follows. 



r 



/ 
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• By thcfe Figures you may find at th« given Time, 
not only the Sun, but alfo the Moon, and the five 
Planets will be all uftdei^the Hori2oo •, and that four 
of the feven Planets will poflefs one Houfe, viz. the 
fixth. 

Alfo in the firft Scheme 1 have reprefented the Stars ^ 
of the firft Magnitude, { and others, which the vain 
Aftrologers call Sigmficani ones^ ) that are at that Time 
to be feen above the Horizon ; \^ith their Names for 
Diftindlion fake. 

Thus I have (hewn how the Mathpmatical Part of 
Aftrology is performed in fonic of the chiefeft Pro- 
. blems ; Imight have added a Problem or two more, 
hut thefe nre abundantly fbfficient to ^w what ela- 
borate Pains are takep by fomc to praftife a vain De- 
lufion, and how willing they are to undergo the greateft 
Fatigues of Study to be qualified tb be firft deceived 
themfelves, and then to deeeive and delude others. 

And as Judiciary Aftf dogy depends on tRe* Mathe*^ 
matical Part, and is it felf the graAd Deeeipt ; fo it 
may be wandered that I .(hould lay the Foundation, ' 
and yet condemn thofe whb build thereon. But tho* 
I have taught how to erefl: a Scheme, 'tis chiefly to 
fatisfy thofe who are defirous to know the Manner 
thereof, and would be more capable to difcern the 
Inutility and Fallacy of this pretended -Art, and the 
Nullity of all its Prdenfions. For as 'tis too well 
known, that the Ignorance of the Vulgar is one of the 
greateft Pilhrs of Inrpofttire ; fo hone but the Scholar 
can either villanoufly carry It on, or effeftuaHy con- 
fute it. For while the gaping credulous Croud Rftcns* 
with inci'edlblc Attention to the unintelligible Jargon 
of the Foftunc-tellingStar Gazer^ and are furprized' 
with his Schemes ; The ingenuous Aflfonomer - and* 
Phttolbpher ( #ho knows well the Principles he eoes^ 
pn, and the Artifices he ufeth^ defpifcth tnt Impoftotj- 

and 



2S6 Sph. Trigon. applied to Geography ^ &c. 

and holds him in that degree of Scorn and Contempt, 
which is competible to the loweft and mpft debafcd 
Part or Clafs of all the Anim«l Creation. 



CHAR IIL 

Spherical Trigonometry applied to Geo- 
graphy 5 in finding the Latitude, Lon-r 
gitude, Bearing, and Diftances of Pla- 
ces on the Terreftrial Globe. 

I Need not pretend to inform any Perfon of the 
great Ufc and Confequence of Spherical Trigono- 
metry, in the mod entertaining and delightful Sci- 
ence of Geography ; this has been already done by 
many, who have wrote on this Subjeft ; {o that I need 
not trouble the Reader with much on this Head, did 
not my Order and Method require it : However, what 
I have feen of this Nature already in print, has con- 
vinced me, that fbmewhat more muft be done, be- 
fore the Spherical Dodlrine of Geography will be any 
thing like compleat For in the firft Place, proper 
Schemes have been wanting to reprefent the Problem 
in a Manner adapted to the Apprehenfions of the 

Secondly^ The Method has been too perplexed and 
unnatural, and coniequendy rendered the Subje6t irk- 
ibmie, rather thap pleafant, as it really is in itlelf. 

^rdty^ Too great ConcifcQeis ha; iqade this Mat* 
ter diffioilt and obfcuit. "^ 

Fourthly^ 
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Fourthly^ A proper Table of the Latitude and Lon- 
gitude of Places has been wanting in Trafts of this 
Kind ; and whether or no I have here fupplied the 
Deficiencies complained of, muft be determined by % 
Pcrufal of the whole Chapter. 

In order thereto I fhall begin with a Table of the 
Latitude and Longitude of the moft noted Places in 
the World 5 fuppofmg the firft Meridian to pafs thro* 
Teneriff ; and the Latitude North, except when mark- 
ed with S. 



t 


In EUROPE. 






Names of Cities 


Metropolis of 


Lat. JNT.j 


Longit. 


I. Great Britain. 







f 


» f 


London 


England 


51 


32 


18 36 


Edinburgh 


Scotland 


56 


07 


15 50 


Dublin 


Ireland 


53 


20 


12 00 


TT Tn TTfiinrp 










11. in x^raiiLC. 

Paris 


IJle of France 


48 


45 


21 30 


Amiens 


Picardy 


49 


54 


21 26 


Rheims 


Champaigne 


49 


13 


23 18 


Roven 


Normandy 


49 


26 


20 02 


Rheimes 


Bretagne 


48 


03 


16 30 


Orleans 


Orleanois 


47 


44 


20 42 


Dijon 


Burgundy 


43 


47 


24 05 


Lyons 


Lyonois 


45 


24 


24 08 


Bourdeaux 


Glafcoigny 


44 


50 


17 50 


nouhufe 


Languedoc 


43 


29 


19 48 


Grenoble 


Daupbine 


44 


54 


25 40 


Aix 


Provence 


43 


04 


24 40 


Nancy 


Loraine 


48 


40 


25 40 


Befanfon 


French ComptS 


47 


07 


25 28 


III. Spain. 
Madrid 








. 


New Caftile 
Gallicia 


40 


45 


13 40 


Campojiella 


43 


00 


8 16 










Names 
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' Names of Cities 


Metropolis of 


T,at. 


N. 


Longit. 


Oviedo 


Auftria 




43 


23 


a / 

II Of 


Bilboa 


Btfcay 


43 


47. 


14 22 


Pan^elum 


Navarre 


42 


52 


16 06 


Soragofa 


Aragon 


41 


35 


17 00 


Barcelona 


Catdmia 


40 


34 


20 23 


Valence 


Valentia 


i9 


25 


17 15 


Murcia 


Murcia 


38 


04 


i^ 34 


Burgos 


Old Cajlile 


42 


25 


13 30 


Leon 


Leon 


42 


44 


II 48 


Placentia 


Eftremadura 


39 


48 


II 50 


Seville 


Andalufta 


37 


30 


II 14 


Cadiz 


in Ditto 


36 


32 


10 42 


Granada 


Granada 


37 


28 


13 55 


Majena 


IJle of Majorca 


39 


04 


^o 33 


Catadella 


IJle of Minorca 


40 


00 


22 30 


IV. Italy. 












'' ~ " " 






Rome 


Itdy 


41 


50' 


20 02 


Cbawhery 


Savoy 


45 


04 


i5 24 


Turin 


Piedmont 


44 


34 


27 26 


Cafaie 


Montferrat 


44 


40 


28 »7 


Genoa 


D. Genoa 


43 


■53i 


29 00 


Milan 


D. Milan 


44 


55 


2.9 15 


Parma 


D. Parma 


44 


24 


30 40 


Modena 


D. Modena 


44 


14 


3» 32 


Mantua 


D. Mottlua 


44 


52. 


3» »o 


Triefte 


IJlria 


45 


44 


34 55 


Venice 


Com. of Venice 


45 


20 


33 04 


Florence 


D. of "Isifcany 


43 


20 


32 10 


Leghorn 


in DUio 


43 


52 


.31 po 


Naples 


ISngJomfsi Naples 


40 


56 


36 J5 


Pdermo 


Ifle Sicily 


37 


a6 


34 50 


Cagliari 


IJle Sardinia 


38 


10 


50 ZA 



V. Ger- 



r ■ I ir 



'Tqbjf4 cfLdi71dn4 Longiiu^ cfPlachl 2 8 j? 



Nm^i (f Ci^s 



V. Germany. 
Viennq 



Drejd^n 

Apinjier 

Cologn ' 

Nurenbuf'g 
Munifh 

4ntwfrp 

VI. Un^ed Prov; 
Amfterdani 

Horn 

fiaerle^ 
VII. Sweden. 

Riga 

Notteburg 

4bo 

hunien 

ifarva 
i'ofma 

VIIL Denmark. 
Copenhagen 

VOL. IL 



Meirop^is (^ 



Auftria 

In Lower Saxony 

Brandenburg 

Upper Saxpny 

Lower Saxopji 

W(fi^alia 

Cir. Upper Rhi^e 

Cir. Lmver Rhine 

Swabia 

Prdnconia 

Bavaria . 

Bohemia 

Switzerland 

Germ. Netberlands\ 

Brahant 



Seven Un. ^rmn. 
in Holland 
m Ditto " 



Sweden 
Livonia . 
Ingria 
Finland 
Schonen 

in Eajilan4 
Eajlldnd ' 
Lapla^nd 
Gothland 



Denmark 

Norway 



Lai. iVj Lpngit 



48 
52 
52 
51 
52 
52 
48 

50 
48 

49 
47 
49 
47 
51 
50 



14 

35 

33 
66 

i? 
00 

28 

55 
14 
24 

58 
58 

34 
16 



I 



54. 23 



52 


29 


24 00 


52 


08 


23 22 


52 


3« 


23 36 



59 
56 

59 
60 

56 

59 

59 
66 

56 



26 

54 
52 
23 
44 

13 
.06 

03 
35 



56 
6i 



13 
00 



37 
29 
33 
33 
3^ 
27 

■^ 
26 

30 

31 

31 

34 

27 
23 



05 
36, 

52 
50 

99 
12 

26 

?? 
57 
II 

36 

H 

ID 
36 

3.6 



39 P5 

45 3yl- 
34 00 

43 33 

33 22 

46 32 
5G( 25 

44 90 

34 .i6 



32 30 
24 15 

Name^ 
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Names of Cities 



Hamburg 

Slefwick 

U^yhurg 

IX. Ruffia. 
Mofc&iv 
\ Archangel 
Novogrod 
Jfiracan 
Peterjburg 

. X. Poland. 
Cracow 
, PTarJaw 
pantzick 
Mittau 

mina . 
Lemburg 
Kamimecl: 
"BreJJe 

XI. Turkey. 

Conftaniinople 

Buda 
. Belgrade 

^emifwar 

AdrianopU 

Zaza 

Pofega 

Hermanjiad 

J'hejfalonica 

Mtfttbra 

Afol)b 



Metropolis of 



Holjlein 
South Jutland 
North Jutland 



Lfit. N. 



Mufcovy 
Dwina 

Novogrod JVeliki 
Ajiracan 

in Finland Gulf 



Poland 

Maffovia 

Prujfia 

Courland 

Lithuania 

Ruffia Rubra 

Podolia 

Polefta 



All Turkey 

Lower Hungary 

Servia 

Temifwar 

Romania 

Dalmatid 

Sclavonia 

^rdnftlvanix 

Macedonia 

The Morea 

Crim Canary 



LongiU 









.^r> 





/ 





> t 


53 


57 


29 


20 


55 


57 


29 


24 


56 


47 


28 


52 



55 25 

64 50 

58 10 

47 00 

60 30 



49 56 

52 7 

54 13 

57 00 

54 31 

49 36 

48 50 

51 55 



63 00 

65 ic 

55 18 

7? 3<3 

50 30 



43 00 

42 17 

45 20 

46 06 

43 18 

44 34 

45 46 

46 46 

41 37 

35 25 

46 00 



40 47 

42 5 

40 42 

44 00 

47 14 

45 00 
47 46 
45 8 



54 20 

41 44 

42 34 

43 24 
51 00 
37 20 
39 42 
45 48 
47 00 
47 32 
00 00 
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n, A'S I A. 



Name& ofi Cities 


Metropolis of 


Lat.N. 


Longit. 


» 
Jerufcdem. - 


t "» LI L 

Palejiine 


i 

32 44 


56 00 


Damafcks \ ' 


Syria 


33 00 


56 00 


Aeppo : 


in Syria 


31 25 


58 20 


Tripoli 


in Syria 


34 20 


63 3<5 


Gaza ' 


in Palefiine 


?i 45 


6$ 26 


Smyrna 


m Natolia 


35 45 


55 45 


Ephefus . 


in lej/er Jfta 


59 00 


55 45 


Bur/a . 


in Ditto ' 


41 49 


57 30 


Babylon 


4ffyria 


32 00 




Balforoi 


in Arabia Deferta 


31 00 


66 00 


Famagoftd 


h Cyprus 


34 00 


58 00 


Medina 


5i Arabia Deferta 


i6 00 


70 xo 


Mecca 


id Arabia Felix 


33 00 


61 00 


Ifpaban 


Perfta 


32 26 


86 40 


Teflis 


\ieorgia';^ 


43 5 


83 00 


Sekn^njkoi 


In Great Tartar}- 


57 00 


107 30 


Pekin ; 


China. 


40 00 


127 00 


Meacco\\y ' 
Agra 


Japan ^ 
MogulWEmpire 


35 00 

25 * '30 


149 00 

89 30 


Bombay , , 


Coaji fif Malabar 


1 9 .. 00 


86 00 


Goa 


ottDifto^CoaJi 


15 00 


83 00 


Fort Sl George 


on Coromandel C. 


?3 20 


94 00 


'Fort Stj^avid's ' 


bn Ditto Coaft 


12 30 


93 00 


'Min3ana^ 


m^,.QiPhtl. Ifles 


7 CO 


^35 3^ 


j\danil((^ ! .\ 


T,ucoma 


14 30 


133 ' oc 


''Be/tco^li' ^ 


Jfle Sumatra 


2 30 


112 oo 



VQJD.II. 



p « 



III, AFRl^ 



?fi„jrff.'5(^£*/^ilL^£J;?*^?^ 



in. A F R I C A. 



Nnmei of Cities 


Metropolis pf. 


Ut.N. 


Ltn^. 


^dro 


kgypt . 


it 


1 
4 


e 1 

38 48 


jibxakdrii 


1 1 Egypt 
Burbary 


31 


25 


58 20' 


Fez 


33 


30 


II 40 


M^rocto 


Morocco 


32 


30 


^ 25 


Jt^iers 


Jfigiers 
Tunis 


36 


50 


20 25 


^nis , 
Wripoli 


37 


10 


26 20 


f ripoli 
Biledulgerid 


133 


20 


30i 2D 


P'ara 


28 


20 


II 30 


^uenziga 


Laara 


25 


00 


15 20 


^omhute 


Negro Land 


H 


40 


5 30 


Jrda 


Guinea 








puncala 
jphaxumd 


Nulna . 


i; 


20 


50 45 


Ethiopia Bferior 


15 


15 


5S i<i 


Mononiotapi 


Ethiopia Superior 






3t 


Tdnjheri 


Madgafcqr 
:ape Fern Ifles 








p. J ago 


15 


00 


i5i oJ 


Zdnarm 


Canary Iflands 
yie Madera . . 


28 


00 


I G& 


FdHzal . 


32 


40 


00. .47- 



iv. A k fe R i C A, 

{ }fa7nei o]f Cities^ j Metropqlis ^ £/] 



= 1. N. Airitrici. 

J^on 

Elizabeth Town 
^ew Tork 

TBlaMphia 
Qxford 



New France ^ 
New J^ngldnd 
New Jerfey 
Ne^v Tork 
Penftl^ania 
JMar^land 



Lai. N^ /^^ 



47 
44 
42 
42 
41 
38 



12 



00 

3P 



3P% 
0Q.3P^ 
306 
306 



30 

op 

30 
305 30 



60 '^od 
30 



tables of L at. And tonzitiidt ofPldces. i^§ 



Names of Cities 


Metropolis df 


LdiitiiJb 1 


Lbti^tui. 


James Town 


Virginia 


36 


90 


3«>f 39 
296 06 


Charles, To^n 


Carolina, 


^■i 


00 


St. Juftif^j 


in Florida 


29 


ao 


29/ 00 


St. Fe 


New Mexico 


26 


GO 


26j 06 


M^^ico 


New Spain 


20 


00 


27t t» 


11. S. America, 
Panama 


' ■ • 






__ « »»" 


in T'erra Ftrma 


8 


30 


294 3|6 


St. Fee de Bagatc 


Terra Ftrma 


■? 


45 


29| 00 
338 00 


Lima 


Peru 


^A 


ga5 


St. Salvador 


Brazil 


12 


^o5 


St. J ago 


cm 


34 


oo5 


300 00 


AJfumption 


Paraguay 








mtiRka . 


in DiitQ 


22 


BoS 


gi8 00 


III. lOands. 
Port St. Johrfs 




r 


• 


» 


Newfoundland 


47 


30 


323 00 


St. George 


Bermudas 


33 


15 


311 00 


Havana 


Quia 


23 


00 


292 00 


Port Royal 


Jamaica 


18 


20 


298 30 


St. Domingo 


HiJpMibh 


18 


15 


303 00 


St. Aftchael*s 


^arha^s ^ 


I2-...55 


;5 C. si3P 



^^ frhcfe a rc the principal PlacJes of tiife knbwii infii- 
biied Worn. And becaufe tli^' Dirt^ncfes 6f Ptafces 
foi*id by Spherical Trigonomj^try afe the Arcfifes of 
greU Circles, afcd diverfe Nafions uGh^ di^ferfe ^ti- 
furesVo compttt^the fame ; iherefore I hive fubjoihed 
tihe fo^Howing 'Table of dmcrcnt NatJbhal MeaJtires 
efjual toShcDe^rcg^--'"'^ ^ ; ^'^^ 
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'Exi^ih Statute Miles — ^ . 6^ 

Italian and Turkilh MUes — 60 

Ordinary French Leagues — 20 

Vulgar S^^niih Aftles — 174.' 

German, Dutch, Danifh, Poland Af/il?j 15 

15^^/ Swedeland Afi/w — -—12 

Ufual Miles in Hungary — 10 

The Verfts of Mufcovy — 80 

Perfian, Arabian, Egyptian Parafanga 20 

i 77?^ Indian C05 — *— 24 

^e Stades'of Chin2L ' — . . 25a 

\ The Inks of Japan — — 40a 

' ■'. Problem I. 



I 



To find the Diflance between two Cities differing 
only in Latitude. "- -''•^'^ 

: • !' . * PraSiice. .' ' ' x 

In the fore- 
going Tables, I 
find the City of 
Tornia in Lap" 
land to hB,ye 66® 
03' of Latitude, 
and Mittau in 
Courland \n tjie 
Kingdom of Fo- . 
lanato have 57^^ ^ 
00' Latitude 5 . 
but I find the* ' 
Longitude of 
each Place is the 
fame, viz. 44® 00' ; therefore I demand the Diflance 
l?etween thofe two Cities ? 

From 
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O 1 

66 03 
57 00 


— 


9 03 



From the Latitude of Tornia 
Subftraa the Latitude of Millau 

There remains the Difference 

That is, in Decimals 9.05 Degrees 
Multiply that by — 69.5 Miles in one Degree. 

The Produd is — 628,975, or 629 Engli/i Miles 
very nearly. 

Problem II. 

To find the Diftance of two Places lying under the 
Equinoftial. 

Pra£iice. 
This is the fame in Nature with the laft Problem ; . 
for as there the Difference of Latitude^ fo here the 
Difference of Longitude reduced to Miles gives the 
Anfwer. 

Problem III. 

Having the Difference of Longitude between any- 
two Places on the fame Parallel of Latitude ; to find 
the Diftance and Bearing of each from the other. 
PraSlice. 

By the Ta- P 

bles, I find Cit- 
tadeUa in the Ifle 
of Minorca hath 
22^ 30' Longi- 
tude, and Peck' 
in in China hath 
127® 00'; but 
are both in the 
Parallel of 40^ 
North Latitude. 
To find there- 
fore 
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1. The Diftance between them- Suppdfe CittaJella 
at /t^ and Peckin at 5 •, draw proper great Circles 
tiiroqgh thefc two Places, and there will be formed 
ihe Ifofceles Triangles -^ P 5, in which each Side^ J^ 
qr P jB is equal to the Complement of the Latitude, 
viz. 50^ oo^ and the Aj^gk at P ^ 104^ 30/, the 
DjAfercnce of Lx)ngicucie. But the Pejrpendicujar P C 
dividies It into twoRigixt Angled'Trianjgles AP C and 
C t^S oqiial toeaoh .qther ; by either of which xhi» 
Problem is fatisfied. 

Therefore in the Right-angled Triangle A P C^ 
there ^s given AP =? 50^ 00', ^nd i\\^ Axig^e AP C 
== 52^ 15'; to find AC = Half the Diftance recjuii 
red, thus i 

A? P-fdiu? -rr — io.oooocqo 

To t^ie SmcpfAP =: 50? oo^ — 9.8842540 
So is theSine of -^P C = 52® 15' — .9.8980060 

To the Sine of A€ =:: 37^ 17' — 9.7822600 

I I t i t ■■-■ ■ ■ 

The Double whereof is 74^ 34' = the Diftance re* 
quired in the Arch of a great Circle, ^z. A B ^ 
5182.2 Engltjh Miks nearly ; and 4674 halian ones. 

2. To find hCLV they bear from each other ; fay, 

A5 Radiqs — — 10.0000000 

To the Co-fine of 50P 90' =? AP — 9.8080675 
So is the Tangent of 5a? \^\= AP C lO-ij 1 1004 

To the Go-tan£ent of 50^ \V ^C AP '99 19 1 679 

Xhat is, Pech^ beaijs iV. £. and 50 iS^eafterly of 
Ciftadella ; con^equmdy Cittfidella h^rs S. W^. and go' 
1 8< more >yeftefly OF P^riij^. Whereas according to 
the Rhumbs^ tjiey, lie djiyeftly Eaft and Weft of each 
other. ' Sutch a -pifFctence there is between the Pofition 

of 



i 
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of a Rhumb and a great Circle on the Surface of 
the Globe. 

Problem IV. 

To find the Diftance and Bearing of two Places, 
the one lying under the Equiiioftial, the other in any 
given Latitude ; their Difference of Longitude being 
given alfo* 

PraSlice. 

Example. The 
Middle of the 
Iflc of Sumatra 
lyeth under the 
Equator, and is 
juft an loo^ 
more Eaft than 
the Longitude^ 
London^ whofe 
Latitude is 51^ 
^ \ I demand' 
the Diftance of 
that Ifle, and on 
what Point it 
.bears ftovUL^dan^ 

Firft draw the proper gfeat Circles ( one of which 
L 10^ paffeth through London and the faid Ifland, ) 
;aftd ypu will -have fornled the Right-angled Triangle 
10 ^\ in which there is given the Side O ^. =3= M:Ij 
* 5J^ 3-2^ -the Latitude of London ; a/nd the iS|de 
/^5=s 8o% the Coniplement of the Difierence of 
Longitude -^/t6 18*0^ or a Semicirde. ' ^ 

I, To find thqSidc /O^^.thfe Cottipktmcnt O" the 
Diftance from London to 180^, oifja SdiiicJircle. Th«s 
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As Radius — — lo.ooooooo 

Is to the Cofine of i^/= 80" oo» — 9.2396702 
So is Co-fine of — ^O = 51® 32' — 9.79 38317 

To the Co-fine of O 7 = 839 48' — 9.0335019 

Which fubftraft from — i8 o<' 00^ 

There remains — LI— 960 12' the Arch of Dift- 
ance between the two Places •, which reduced is 66%^-^ 
Englijh Miles ; and fo tar is Sumatra from London the 
neareft Way that even a Bird could fly to it. 

2. To find the Angle atO = P I. i", the Pomt on 
which Sumatra bears from the N towards the E of 
London. Thus, 

As the Sine of O / = 830 48' — 9-9974523 
Is to Radius — — 10.0000000 

So is the Sine of 7^ = 80° 00' — 9-9933515 
To the Sine of the Angle at = 820 08 ' 9.9958992 
Thus Sumatra lies £ by N, and g' 23* to the Eaft of 
London. 

3. To find the Angle at 7, the Point on which 
London bears ft^om the W to the N of Sumatra. 
Thus, 

As the Sine of O 7 = 838 48' — 9-997452? 
Is to Radius — — 10.0000000 

SoistheSineof ^0=51* 32' -" 9-8937452 
To the Sine of the Angle at 7= si** 5 f 9-89629^9 

Thus Sumatra hath London bearing from it NWt and 
6<i 57' to the North, 

^' Pro- 
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Problem V. 

Given the Difference of Latitude and Longitude 
of any two Places ( on one Side the liqqator, ) to 
find their Diftance and Pofition from each other. 

Practice. 

Admit 
the Lati- 
tude of i>»- 
don be 51^ 
32/, the 
Latitude of 
Jerujakm 
32^ 44^ ; 
and their 
Difference 
of Longi- 
tude to be 
37« 24' ; 
I demand 
their Dif- 
tance from 
each other ? 

Draw the Circles and prepare the Scheme as here 
you fee it, and you will have formed the Oblique 
Triangle LP ly in which there is given the Side L P 
= jiS** 28^ the Side IP = 57^ 16' ; and the Anr 
gle at P = 37^ 24' the Difierence of Longitude ; to 
find the Side I L. In order to this, let fall the Per- 
pendicular A ly then ia the Right-angled Triangle 
4 PI, find^P, thus ; 
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As Radius — — lo.ooooooo 

Is to the Co-fine of P — 37^ 24' — 9.9000472 
So is the Tangent of /P == 57^ 16' 10.1919171 

To the Tangent of y^P = 51^ 01' — 10.0919643 



Then AP — LP z=i AL:=z 11^ 33'. Now fay; 

As the Co-fine of y^P = 51 01 C.Ar. 0.2012842 
Is to the Co-fine of y^L = 12 33 — 9.9894973 
So is the Co-fine of /P = 57 16 — 9.7329803 

To the Co-fine of IL = 32 58 — 9.9237618 



Tbis 32° 58' reduced, make 2291 £«ff///& Miles ; 
and fo far is Jerufalem diftant from jLondon^ according 
to the l^teft Obfervations. 

JSIdte^ The Difference of Longitude by many Au- 
thors and Maps is made 50° 24', and then the Arch 
I L would be found 40® 49^ = 2837 Miles ; 546 
more than it is now known to be ; for this Realbn I 
did not follow the old Account of the Longitude of 
Jerufalem ; though in mofl: other Places I was obliged 
xo do it lor want of better. 

2. To find the Pofition of Jerufalem from iMndan \ 
or the Angle ALL Thus % 

As * 
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As tte. Tangent of i /= 32 58 — 9.8119641 

Is to the Tangent o^ AL ^ 12 33 — 9-3475454 
So is Radius — — 10.0000000 

To the Co-fine cf A L I = 6g 56 — 9-^355813 

Thus Jefufalcm bears from London E S E^ and 2^26' 

Eafterly. 

3. To find how Lmdon bears from Jerufahn^ or 
the Angle at /. 

As the Sine of L I =: ^2 58 Co. Ar. 0.2642805 
Is to the Sine of LP I :=z ^y 2^ — 9.7837878 
So is the Sine of L P = 38 28. -— 9.7938317 

To the Sine of I. /P = 44 01 — 9.8419000 



Thus London bears from Jerujalem NW^ and 00^ 
59' to the North. 

This Problem might be diverfified and branched 
into feveral others, by having other Data -, but that 
if the Reader plcafes he may make his own ExercifCt 



Problem VL 

Given the Latitude of two Places ( one in North, 
the other in South Latitude, ) and their Diftance from 
each other, to find their Diflference^f Longitude, and 
Pofition from one anothsr. 



PraSlic^ 




302 Spb. Trigonometry applied to Geo^.aphy 

Pra^ice. 

Admip the La^ 
titude of London 
be5i^ 32'North; 
and the Latitude 
of Cape Horn 
(the fartheft South 
Point of America) ^^] 
be 58^ 00' South; 
and the Diftance 
from London to 
CapeHornhti%^o 
Engltjh Miles ; I 
demand the Dif- 
ference of Longi- 
tude ? 

Let L reprefent London^ and C Cape Horn 5 through 
both thefe Places draw proper Circles, and there will 
be formed the Oblique Triangle P L C, or rather its 
Supplemental one C S^ in which all the Sides are 
given ; for O 5 = P L = 38^ 28' the Co-Latitude 
pf London ; C 5 ~ ga"" 00', the Co-Latitude of Cape 
Horn •, and O C = 52® 06', the Complement of L C 
= 8890 Miles = 127^ 54' to a Semicircle-; to find 
the Difference of Longimde, or the Angle O S C^ 
by Cafe 5, Of Oblique Triangles. Here OS — 5 C = 
^M= 60 28'. 

Thenf the Sine of 5= 38^ 28' Co. Ar. 0.2061683 
I the Sine, of 5 C = 32^ 00' Co. Ar. 0.2757903 

Add < the Sine of 2£±d^ = 29^ 17' 9.6894232 



the Sine of 



bC^AM 



= 22« 49' 9.588589$ 

V -^ 

The Sum = I97 5997U 

I thereof is the Sine of I. OSC=49^ 20 =; 9. 8799857 

The 
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The Double of which is 98«> 40' =: O 5 C, whofe 
Complement A S ^=z 81^ 20', the Difference of 
Longitude fought. 

2. To find how the faid Cape bears from London^ 
or the Angle at O. 

o I 

As the Sine of O C = 52 06 Co. Ar. 0.1028767 
Is to the Sine of 5 C = 98 40 — 9.9950126 
So is the Sine of 5 C = 32 00 — 9.7242097 

To the Sine of 50C = 41 25 — 9.8220990 

Now the Angle at O is equal to the Angle at h^ 
therefore Cape Horn bears 5. W. by S. and \ almoft 
to the W. of London. 

3. Thus alfo the Angle at C will be found to be 
about 51 Degrees, by the Gunter ; fo London bears 
from Cape Horn N E^ and almoft half to the E. 

Thefe Problems being well undcrftood, any thing 
further on this Head will be unneceffary. 

I fhall now fubjoin ( for the Reader's Curiofity, ) a 
Scheme of the Dlmenfions of all the chief Kingdoms 
of the World in length and breadth, the Metropolis of 
each, with its Diftance and Bearing from the Metro- 
polis of the whole World, viz. the City of London. 

Notey The Dimenfions following are to be under- 
flood oi Englijh Statute-Miles. 



Kingdoms 
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kingdoms 


Leng. 


liread. 


Metropolis 


Dift. 


Bearing 


Europe. 




France 


520 


450 


Paris 


208 


S. by E. 


Spain 


620 


480 


Madrid 


76c 


S. 


Germany 


540 


510 


Vienna 


860 


E. by S. 


Poland 


780 


600 


Cracow 


700 


' E. 


Mufcovy 


1630 


1500 


Mufcow 


153c 


E. N.E. 


Sweden 






Stockholm 


980 


MB. by AT. 


Denmark 






Copenhagen 


70c 


£. N. E. 


Norway. 






Bergen 


799 


N. N. E. 


Italy 


760 


134 


Rome 


844 


S. E. 


Turkey 


770 


660 


Confiantinople 


164c 


E. by S. 


A(ii 












Tarlary 


3000 


2250 


Cbambalu 






China . 


1380 


1.260 


Peckin 


518 




India 


1680 


1690 


Agra 


5290 


E. by N. 


Perfta 


1440 


1260 


Tfpahan 


3200 


E. by S. 


Turkey 


2lQd 


1740 


AkppO 


2350 


E. S. E. 


A frirft 












Egypt ' 


650 


31G 


Cairo 


2154 


S.E.hyE. 


Barbary 


2300 


380 


Fez 


1230 


S. S. fF. 


Sikdulgerid 


2040 


300 


Dora . . 


^590 


S.S.fF. 


Zaara 


2340 


330 


Zuenziga 


20S5 


S.S.E. 


Negrdand 


2280 


600 


Tmbut^ 


2570 


S. S. ff^. 


Guinea 


1320 


360 


Arda 


2919 


S. -by E. 


Nubia ' 


840 


570 


Duncala 


5475 


S.E.byE. 


Ethiopia 


3600 


2180 


Mommotapa 


5421 


S. S.E. 


America* 
Mexico 












2520 


480 


Mexico 


5699 


fT.N.PT. 


Florida 


1000 


600 


Coea' 


Jfi70 


m N. W. 


Terra Canad, 


1500 


1920 


Bq/hn 


3197 


iF.N.fV. 


Terra Ftrma 


1260 


480 


St. Fee 


5212 


JV. by S. 


Peru 


1440 


480 


Lima 


6463 


W. S. W. 


Braji: 


1600 


1380 


St. Salvador 


4865 


S.fF. 


Chili 


960 


480 


St. 7 ago 


7297 


SW.hyW. 


Paraguay i .^60 ' 1 500 1 


Affumption 


5907 


S.W. 
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CHAP. IV. 

Spherical Trigonometry applied to Navi-* 
gation 5 p?ewing how to find the Dijferen^ 
ces of Latitude, and Longitude 5 the 
Courfe and Diftance failed^ and the 
Departure from the firft Meridian 5 all 
in the Arches of a Great Circle of the 
Globe. 



GREAT Circle Sailing is of all others the 
moft perfeft and expeditious ; the Reafon is 
evident, becaufe an Arch of a great Circle is 
the neareft Diftance between any two Places on the 
Spherical Surface of the Earth, and confequently is the 
fooneft failed. 

But becaufe the Motion of a Ship is direfted by the 
Wind, 'twill be fomcwhat difficult to fteer a Ship di- 
redly on a Circular Arch ; however *tis poffible to 
keep pretty near it, and the nearer the better. 

As this Method is moft perfc6l and expeditious, fo 
it is the trueft and moft natural of any ; yea coiild 
the Ship be allf along conduced on the Arch of a Cir- 
cle, it would then be perfeflly true and natural. 

The Difference between Plain, Mercalor\ and 
Middle Latitude Sailing, and this, is obvious in the 
Form of the Charts, and in the Solutions thereby ; 
the Charts there being all Reftilineal Plans, but in 
this the Chart is only a Scereographic Projcdion of 

VOL. II. R r rbc 



3o6 Sph. Trigonometry apfUed to Navigation 

the Sphere, and therefore truly Circular in every 
Part ; in them the Meridians being all ftraight Lines, 
are alfo parallel to each other ; but here being Great 
Circles they incline to each otjicr as they approach 
the Poles. 

The Solutions given by Mercalor^s Chart, in the 
Cafe of Dcpartttrc or Meridian Diftance, are Ambi- . 
guous, or falfe rather ; the lanje Analogy being ufed 
for the Departure, either North or South of the Place 
departed from ; but by this Method the Departure 
being determined by- the Difiference of Longitude, 
and the Latitude come to, is moft certain and. in- 
fallible.- 

In Great Circle Sailing,, we ufe ncithet Rumbs 
nor Parallels •, the firft being a kind of Spiral, or 
Heli-fpherical Lines, and not Circles -, and the latter 
only fmall Circles, and not great ones, cannot be thus 
ufed. Wherefore Arches bf Meridians, of the Equi- 
noftial, and other Great Circles, are the only Means 
here ufed for Solutions of this Kind of Navigation. 

I (hail now exemplify the moft eminent Cafes of 
this fort of Sailing in the following Series of Pro- 
blems. 

Noie^ In the Chapter of Geograghy^ you will find 
Tables for converting Degrees of the Equlnofiial,' and 
Meridian, as alfo of any Parallel, into Miles and 
leagues •, and the (^optrary. 
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S^ Ghait fhr^ 
Great Circle Sailing- . 




tOL. If. 



lLi % 



Pr»^ 
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Problem I. 

Suppofe two Places lie under the Equmoflial ; or 
be in the fame Meridian. 

Then in the firft. Cafe is their Pofition from each 
Eaft and Weft ; and in the other Cafe, North and 
South ; and in each Cafe, the Diftance between them 
is the Difference of Longitude or Latitude, turned into 
Miles or Leagues, and herein docs Circular Sailing 
agree with the Redilineal, 

Problem II. 

Suppofe one Place under the Equinodlial, and ano- 
ther in any given Latitude, with the Difference of 
Longitude given ; to find the Diftance between them, 
the mutual Pofition of one from, the other, and the 
Departure. 

Practice. 

Suppofe the Place A in Latitude 51^ 32', ana D 
the Place under the Equincdtial, and their Diflfercnce 
of Longitude DC tn 40* 00'. 

I. To find the Diftance in a Great Circle AD^ lay^ 

As Radius — — 10.0000000 

Is to the Co-fine of Lat. 51*^ 32^= AC 97938317 
So is the Co-fine of Long. 40^ 00' = C D 9.8842540 

TotheCo.finedftheDift.6i<^ ^^9^ AD 9.6780857 

But 61^ 33' =s 3693 Miles ss 123 1 Leagues, Com- 
mon Meafure. 

2. To 
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2. To find the Pofition of D to yf, or Angle at ^. 

As the Sine of Latit. C yf i= 510 32^ 9-8937452 
Is to Radius — — 10.0000000 

So is the Tang, of Long. CD =: 40" 00' 9-9238135 

To the Tiang. of the Ang. at ^=46^ 58' 10.0300683 

That is S. IV. and a little more by TV. 

3. To find the Pofition of A to D, or the An- 
gle at D. 

As Sine of DifF. of Long. CD = 40 co 9.8080675 
Is to Radius — — 10.0000000 

So is the Tangent of Lat. -^C=.5i 32 10.0999135 

To the Tang, of the Ang. at D=: 62 56 10.2918460 

So A bears from D, TV. E. 4. by N. and fomewhat 
more. 

4. To find the Departure, fuppofing the Ship failed 
from D 10 A \ ufe this Analogy. 

As Radius — — — 10.0000000 

Is to Co-fine of the Latitude 51 ^ 32^ — 9-793^317 
So is the Sine of i Difi: of Long. 20® 00' 9.53405 1 7 

To the Sine of half the Departure 1 2© 17' 9.3278834 

Wherefore the Departure is 24^ 34^ in the Arch of a 
Great Circle ; which reduced to common Italian Mea- 
fure, make 1474 Miles =3 49 ly Leagues ; which is 
much lels than by the "Table of Parallel Miles. 

5. To find the Ship's Courfe. 

This is already determined by .the fccond and third 
Articles •, for if a Ship fail from -^to D, the Courfe is 

the 



3 1 o Sph. Trigonometry applied to Navigation 

the Angle zt Ay if fixjm D to Ay the Courfc is the 
Complement of the Angle D ; both which are known 
as aforefaid. 

Notey That if of the Latitude, Difierence of Longi- 
tude, Courfe, or Pofition, Diftance, and Departure, any 
two being. given> the reft may be found by the Right-* 
angled Triangle AC D. 

Problem IIL 

Suppofe a Ship in the Latitude of 30^ ot>' at G, 

fail 'till (he arrives at the fame Degree of Latitude irt 

Hy^ and then obfcrves her Difference of Longitude to 

*be 10^ 00' ; I demand her Diftance failed, and greateft 

Difierence of Latitude made in her Courfc ? 

PraSice. 

In the Quadrantal Triangle G P Hy there are given 
the Sides G P, and P i/, each equal to 60^ 00^ j 
and the Angle P = 10^ 00', to find G i/, and the 
Perpendicular let fall from P onG Hj as the dotted 
Line P O. 

1. To find G /7 the Diftance failed j fay. 

As the Radius *— — lO.oooOOOa 

Is to Co-finft of Latitude 30^ 00' — 9-9375So6 
So is Sine of half Diff. of Long. 5? 00' 8.9402960 

To the Sine of half Diftance 3^ 26 — 8.8778266 

Wherefore the Diftance failod is 6<? 52' saGff=t: 
412 Miles =: i37f Leagues comfndn Meafiire. 

2, To find the Arch O P^ the CJompletntnt of the 
;greatsft Laciwde of die Courfe 1 % t3«^$ 
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As Radius — a «— 10.0000000 

To Cc-fine of L Dif. of Long. 05® 00' 9-99^344^ 
So is the Tangent of GP = 60^ 00' 10.2385606 

To the Tangent of P O =s 59^ 54' 10.2369048 

Then G P ^P O = od^l^, that is 6//^ 

Han Miles, is the greateft Difference of Latitude the 
Ship made in that Courfe. 

Problem IV. 

Admit a Ship fets fail from B in Latitude 18^ 46', 
and (leers her Courfe away between E. and N. on the 
Arch of a Great Circle 40^ 22', and then finds her 
Latitude at ^ to be 51 <> 32', I. demand her Courft, 
Difference of Longitude, and Departure. 

Pra^iee. 

In the Oblique Triangle AB Py there is known the 
Side 5 P =» 7i« 14', the Complement of the firft 
Latitude J9yf =40*^ 22', the Diftance failed^ andi 
the Side /f P =: 38^ 28^ the Complen^^nt of the La- 
titude arrived ^t ; to find the other Parts. 

This is done by Cafe 5 Of Oblique ^rian^ks^ and 
otherwife by the fifth Propofttion of Chap. 9, whici) 
has been fo often exemplified, that I need not here 
repeat it. For thus the Angle at P will be found 
309 00' for the Difierence of Longitude •, and the 
Angle at jB = ^8^ 43^ the Courfe ^t fidl fctting 
Sail ; but the Angle at yf rs 46^ 58^ the Courfe ai; 
her Arrival ; which is 18^ 15' more to the Eaft than 
diefirfl, 

. The Departure will be found ( by the Analogies in 
jhe two foregoing Problems ) to be 18^ 32' ?? 1 1 12 
Miles =? 370-f. Leagues. 

But if Uie Ship had faiU^d from A to P, her Depart 
ture would hav^ b?en %^^ zi^^ 1702 Miles =s 567-I: 
Leagues Nqv( 
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Now notwithftanding there is fuch a Difference of 
the Deparmre, yet the Proportion by Plain and Mer- 
cator^s Sailing, or by Middle Latitude, gives none. 

Problem V, 

By having the Latitudes of two Places given, with 
their Difference of Longitude ; to calculate the Dil^ 
tance in the Arch ; the Courfe of the Ship at fetting 
Sail, and at her Arrival -, the intermediate Latitudes 
and Longitudes by v/hich the Arch of Diftance paf- 
feth ; the Courfe and Diftances between thofe fcverat 
intermediate Points of Latitude and Longitude. 

Prallice. 

1 . Suppofc the Summer Iflands be defigned by E in 
Latitude N. 32<» 25', from whence a JShip fets fail 
for the Lizard's Point at F, in Latitude 50*^ 00' -, and 
admit the Difference of Longitude be yo^ 00' ; then, 

2. In the Oblique Triangle F P £ there is given 
the Side FP =; 40^^ 00 ; the Side E P =z 57"" 35' ; 
and the Angle at P = 70^ oc' ; to find E F, the 
nearefl Diflance between the two Places. Now this 
will be found 53° 24' = 3204 = Miles = 1068 
Leagues, by Cafe 4. Of Oblique Triangles. 

3. Then by Cafe 3 Of Oblique Triangles^ you find 
the Angle F£ P = 48^ 4S', /. e. N. E. and 3« 
48' Eafterly, for the Ship's Courfe at firfl fetting Sail ; 
and the Angle EFP 8i« 10', i. e. E. by 5. and 2^ 
25' Eafterly, tor the Courfe of the Ship at her Arri- 
val to the Lizard Point. 

4. In the next Place, let fall the Perpendicular P ^, 
then is the Oblique Triangle F P E reduced to two 
Right-angled Triangles aP F^ and aP E \ now the 
Perpendicular a P will be found 39^ 26', whofe Com- 

ple]7ient 
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plemenc 50^ 34' b the Greateft Latitude througK 
which the Ship pafleth, 

5. Ebving done this» next find the AnKle&£ P a^ 
and tf P F, by the common Analogy ; tM ftrft will 
be 58^ 31^ and the latter 11^ 29' ; thefe Angles be- 
ing obtained, yo» Ruy proceed to find the Latitudes to 
as many Degrees of Longitude ftom a as you pleafe. 
Thus, 

6« Suppofe the Latitude at eveiy 10 Degrees Dif- 
tance from « be required ; 

Then in the \ ^ P r / there is given the Side ^ 
Right-Wangled JaPd >a P^ and Ar^le aiP,4 
Triangk )a P e V to find the Side -— 

CaPf}' 

which Sides are the Complements of the feveral Lati- 
tudes the* Ship paileth by at each tenth Pcgnc of LotH 
gitude-froma. 

7. You may then alfo find the Angles afP^aeP^ 
adP^ ac P, ab P, which will (hew the Cburfc to bq 
fteet*d in each of %ht Latitudes btfore fouad. Alfa 
the Parts £/,/^, ed, &c. may be found ifdefired^ 
which are the Diftances betweea the aforelaid Points 
of Latitude. 

Thus I have (hewn how die whole Problem may 
be t>lved m each Particular ^ but have left the Prac- 
tice thereof to the ftudioas young Praftitioiier. 

Thefe Problems are genctal ones, I could not branch 
them out 'my> pu'dculat Cafes 1 for that would b^ 
thought not only a mercenary Defign to fbifT a Book^ 
but would be holding a Candle to a Reader at Noon 
Day, which is very abfurd and affi-ontinR. I rathef 
feat he who hath regularly proceeded thus fiir from the 
Beginning, will fina I have been often obliged JSlum 
agere, i. e. tq do the fame thing over and over again» 
than been deficient in any one Part of this Undertaking. 
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A Table of Rumbs, and the Angles they make with 
the Meridians. 



Rumhs. 1 


Merid. 

Atfgles, 
2 49 

I 38 

8 26 
11 15 

II 4 
16 53 
19 41 
22 30 

25 19 
28 8 

30 56 

33 45 

36 34 
39 23 
42 II 

45 c>o 

47 49 
50 37 
53 26 
56 15 


Rumhs. 1 


n 


Ntrth. 


South. 


South. 


North. 1 


NhjE 


Shy E 


S by ;r 


A^by W. 


I 


NN E 


^S E 


NNW. 


2 
3 


NE by N 

NE 

NE^J E 


SEIajS 


S^by S 


NWhyN. 


S E 


S^ 


NW. 


.4 


SEh^E 


■ ■«•■ 

SlVhjff 

wsw 


NWhyW. 
WN W. 


5 

8 


ENE 
EhyN 


ES E 


59 4 
61 52 
64 41 
67 30 


EhyS 


70 19 
73 7 
75 56 

71 45 

81 34 
84 22 

87 n 

Ipo 00 


IVeft 


Why N. 


E^fi 


Eaft 


Weft. 
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C H A R V- 

Tiln Method of Making and Sailing hy the 
Globular Chart. 

As I have given an Epitome of the feveral 
Kinds of Sailing, in fevcral Parts of this Work, 
which depend more immediately on Trigono- 
metry Plain or Spherical •, fo in order that the young 
Student might have a compleat Idea of all Kinds of 
Navigation in u(e, I have here thought good to fub- 
join a little Trad of the Natuit, Conftruftion, and 
Ufe of the Chart which is generally called the Globu^ 
lar Chart \ although it hath not that dircdl Relation 
to Trigonometry, as all the other Parts of Naviga- 
tion have. 

I am the more willing to do this, bccaufe *tis rec- 
koned as a very celebrated modem Improvement of 
this Art, and is not to be found in any Mathematical 
Trails that I hate-yet feen •, and therefore that every 
one may have the Benefit or it, I Ihall explain it in 
the following Particulars. 

I. Firft therefore you muft underftand, that it is pe- 
culiar to this Chart to have all the Properties of tHe 
Surface of the Globe it felf % and from thence it ac- 
quires the Nam.e of the Globular Chart ; for as on the 
Globe all the Meridiajis incline to each other from 
the Equator to the Poles, where they all terminate, 
fo do they on this Chart ; as on the Globe the Paral- 
lels are all equidiftant lefltr Circles, lb arc they in 
this Chart. The Rumbs here, as on the Globe* arc 
inclining Spirals, or Helical Curves inierfcding the 

VOL. II; Ss 2 Meri- 






31(5 The Art of Making and Sailing 

Meridians at equal Angles ; thefe and other Proper- 
tics it hath in common with the Globe. 

2. From hence 'tis eafjr to conceive that anjr Dif- 
tance on any Part of this Chart is capable ot being 

. meafured by a Scale of equal Parts, whether in a Great 
Ch-ck, Rumb, or Parallel 5 and therefore needs not fo 
much of Calculation aa other Charts do. 

^ 3. Now becaufe this Chart exprefleth the feveral 
Parts of the Superficies of the Earth in their due Po- 
fition and Magnitude, therefore the Globular Pro- 
•jeftion is much more proper for Maps, as well as Sea 
Charts, than cither the Stercographic, or Mercator"^ 
Projeftions. 

4. As to the Method of making or conftrufting 
this Globular Chart, it confifteth of thefe three Things : 
Firft, in drawing Ac Parallds •, Secondly, in defcri- 
bing die Meridians-, and Thirdly, in laying down the 
Rumbs m a due manner. The fipft Part is performed 
with eafe, but the two latter with more difficulty. 
The Manner of doing each is as follows. 

1. ^0 draw the Parallels. 

In the Middle of die Paper defigned for the Chart, 
'^raw the Line AH^ and graduate it into 90 Pcgrees, 
from a Scale pf equal Parts •, and on C as a Center, 
thro' every five or ten of thofe Degrees defcribc die 
Ardhcsof Circles widiin the dcfignw Limits df the 
Chart ; thdfe Circular Arches will be thus cquidif- 
tant and concentric, and confequendy they will be the 
Parallels of Latitude ; which were to be drawn. 

2. To defcrlbe the Meridians. 

In order to diis, we mufl: know the Proportfon 
jof their Inclination to each c^er as they approach the 

Poles, 
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f'oles, atid this being equal in equal Degrees of Lati- 
tude ; ail the Meridians that can fall widiin the Com- 
pafs of your Chart may be eafily delcrlbed by dwi 
following Table ; which Iheweth in what Proportion 
the Diftance of Meridians dinninilh as they go from 
the Equator, Suppofe therefore two Meridians diftant 
from each other in die Equator one Degree or fixty 
ludian Miles, then their Diftance kom each other ki 
every Degree of Latitude is as here fet down. 
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' " 
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88 
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59 
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89 
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70 
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58 
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31 
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52: 
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33 


50 20 


53 
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Suppofe the Chart begins from the Equator ( as 
that I have nere fubjoined for Example doth ) ^ ^, 
and graduated from the fame Scale as the Meridian 
A C. Then take your Seftor in hand, and with the 
Compafles take AB :^ 10^ ^ A E^ and fet it over 
parallel-wile from 60 to 60 in your Seftor •, the Seftor 
remaining thus, take therefrom the Parallel Diftance 
of 59^ (being in the Number in the Table an- 
fwering to the Latitude of io<> ) and let it on the 
Parallel of 10 Degrees from E to a, K c^ each ways 
as far as the Limits of your Chart will admit ; then 
take the Parallel Diftance of 560 24', and kt it 
each way on the Parallel of 20 Degrees ; then take 
51" c^^^ and fet it off each way on the Parallel of 30 
Degrees ; on the Parallel of 40 Degrees fet 46^ 00^ 
on each fide the graduated Meridian ; and thus pro- 
ceed by taking the tabular Number from the Scftor, 
and fetting it on any other Parallel as far as the Chart ' 
requires, and thus Ihall you have the Points in every . 
Parallel of 10 Degrees, through which the feveral 
Meridians muft pafs -, you may do the like on the 
Parallel of every fifth Degree of Latitude ; and have- 
ing thus pointed the leveral Parallels on the Chart, 
you may with an even Hand, or a Bow for fuch Pur- 
pofes, defcribe Lines through thofe Points, which when 
drawn, will appear to be Curvilineal, and equally 
inclining to each other, and are therefore the Meridi- 
ans required to be drawn ; having the fame Properties 
with thofe on the Globe it felf. 

2. 31? defcribe the Rumbs. 

This may be done feveral ways ; but the befl: way 
is by a Projedkion of the Rumb, or Rumbs required 
on a Mecartor^s Chart -, for they being there all 
ftraight Lines, arc very expeditioufly drawn ; and 

that 
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r^ that being done^ you fee where, and in what Propor- 
tion the Rumb cuts every Meridian and Parallel it 

^ nieets with ; then in fuch Parts. or Proportion you 

muft make Points, the Meridians and Parallels of the 

^ Globular Chart ; aod a Curve Line drawn through 

thofe Points ( with a fteady Hand, or a Bow) will be 

— the Rumb required. • r 

Thus fuppofe I would draw the N. E. by JV, 
Rumb on the Globular Chart, in the Latitude of 
20 Degrees. Firft I dyaw the Meridians and Paral- 
lels o^ Mercator^s Projeftion, and from the Parallel "of 
20® I draw the ftraight Rumb Line A By and ob- 
ferve it to cut the Parallels and Meridians it paflcth 
over *in the Points ^, K ^> ^> ^> /» g^ *» U k^ 1% 
then I take fimilar or like Pbints in the Meridians 
and Parallels of the Globular Chart, and thro' them 
draw the Rumb required. 

And after this Manner I have drawn all the Rumbs 
of the above mentioned Cafe on the Globular Chart ; 
havmg alfo ( for the fake of the young Learner ) fub- 
join'd a Scheme of their Projeftion on Metcator^s ; 
fo that by comparing both in one View, the Facility 
and Truth of the Matter will the more evidently 
appear. 

Note. It will be fufBcient to projed only one 
Quadrant of the Rumbs ; the reft falling in the famie 
Manner, only in 4iflfercnt and contrary Parts of the 
Iphart. . 1 
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The Ufe of the Globular Chart take briefly thus 
in the foiJ owing Problems. 
•> •* 

*" Problem 1. 

To find the Latitude of any Pkce lying betweoi 
two Parallels on the Chart. 

PraBict. 

If the Place lye on any Parallel dcftribed, the La- 
titude is knowii by Infpedion. 

But if the Place lye betwieen two Parallels defcribed 
^ the Chart, as foppofe the Point e^ between the 
Parallel of ten and twenty Deg^ee9 latitude ; then 
witK the Compailb take the Diftancc h t^ wd let, 
from -E cMi the graduated Ma'idian upwari^ and the 
other Foot will fall on 17® qq' the Ladtude re- 
quired. 

Pk6*LiM 11. 

To mcstfitre the Degrees of Longitude on any Pa- 
ralleh. 

This is bed done by the Seftor, thus ; take the 
Diftadce.betw^w two Meridians on that Parallely and 
jet it paralkl-wiie from 10 to xo on the Line pf 
l^umbersi tbe& oKaiure the intermediate Diftance 
required., and it will be the Anfwer. 

Thus fuppofe I take h c on the Parallel of 10^, 
and apply it on the Line of Numbers, then by ap- 
plyuig \xi the fame Manner, I find it to be 4« 
17* 5 confequently the Point O hath 24^ 17' Longi- 
tude from the firft Meridian A C. And though the 
Parallels between two Meridians might be graduated 
from the Equator to the Poles, yet is it not neceilary 

where 
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where and when a Sedor may be had. 

Problem III. 

Td defcribe a Rumb required from any given Point. 

PraSiice. 

Suppofe from the Point 5, 1 would draw the NNE 
Rurfib 5 JPirft, Tmuft confidef wKere «the ftme Rumb 
(or its oppofite-5'iJ #^)^doth erofs thSe-fanle PUrallel, 
^ ^^htch.'i fihd* to' be at 0\ Secondly, il meafer^ the 
piifence S'O, hfProb. 2, and^find it 20^. • Thtn 
fliii-dly, I fet off io« bn every Paf^llel from the Imer- 
ii&ion 6f the' iaid Ruriib th^rewith^. Atiii laftlv^ diro* 
^e. Points in each Parallel by thi§ Meaes founds I 
defcribe the Oorve S Py which will' be> every where 
20^ Diftance from the given Rumb O R ; and it will 
be the iV JV^£ Rumb 'from flic Point S as required. 

Problem IV. 
To meafure the Difference of Longitude made by 

:*"* " ■ Pra^ice. ' 

'Suppofe a Ship at Tin Latitude 2 g^ 3o'failiV£ 
, by E 'ciU Ic arrive in the Pkralfci 6f Bo«!Ladttide in 
^ ?^ 1 demand the Difference of Lbngitddf ?-''-''^ 

See where the Meridian pafling' through T cuts the 
. Parallel of 600, which is it't/j thqtt Aica&re ITT as 
directed in Proi. 2, and ybu will^find it ^I? 30', the 
^ .Difference of Longitude t-equfred:' '' '' \ ^ » 

Problem V. 

, To meafure the Diflance failed on the Rumb, and 
allb dn^the^ Arch of a great Circle. 
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32 2 The Art of Making and Sailings &c. 

PraSiice. 

This is to be done by a Scale of equal Parts or 
Leagues on the Chart, thus ; fuppofe I would know 
the Diftance failed from 7* to K^ I take an loo 
Leagues in my Compafles, and run it along on the 
Rumb T V^ and by {o domg find the faid Diftance to 
be very near 1580 Englijh Leagues j each of which 
contains 23^44 Englifib Statute Miles. 

The dotted Line from 7* to ?^ is the Arch of a great 
Circle pafling through both Places ( as bebg the 
neafeft Diftance between them ) which meafured by 
the fame Scale of equal Parts will be found 15 15 
• Leagues ; which is lefs than in the Rumb by 65 
Lcaguesy.or above 1505 Englijh Miles. 

. , Problem VI. 

To meafiire the Meridian Diftance, or Departure, 
. ^ PraSlice. 

Take an 100 Leagues m your Scale, and run it 
along in the Parallel of 60 from Uto V^ and you'll find 
^s; Parallel Diftance from the Meridian or Departure 
tbBe abou^ 920 Leagues. 

Again meafiire the dotted Line fixjm Uto Vj by 
the fame Scale, and you will find it to be about 850, 
vhich is 70 Leagues nearer than in the Parallel. 

• And thefe Diftances being meafured by a ScaJa of 
equal Parts is the greateft Excellency of this Chart. 
But when every thing is confidered, the Preference 
will always be due to M^rcator^^ Projedion. 
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CHAP. VI. 

Spherical Trigonometry af plied ro Dial- 
ling 5 p?ewing the Grounds and Rea- 
fon, as well as the Pradtical Method, of 
drawing Hour - Lines on all Sorts of 
Planes, in all places. 

THIS moft ingenious and furprifing of all the 
Mathematical Arts can never be well under* 
flood by any Perfon, who hath not very well 
ftudied the Dodrine of the Projeftion of the Sphere, 
and the Nature of Spherical Triangles, in the Manner 
as delivered in the former Part of this Book. For on 
thefe two Hinges turns all the Myflery of the Art of 
Shadows. 

The Planes on which Dials are defcribed, receive 
their Denominations according to their Situations and 
Pofitions, with regard to the Horizon, and the Car- 
dinal Points thereof. For all Planes are either 

1. Horizontal, or parallel to the Horizon. 

2. Ereft, or perpendicular to the Horizon. 

3. Reclining, or Oblique to the Horizon. 

4. Inclining Planes. 

1. Of Horizontal Planes there is but one Kind. ' 

2. Of Eredb Planes there are two principal Kinds ; 

1. Direfl:, or thofe which direftly behold the Eaft, 
Wefl, North, and South Points of the Horizon. 

2. Declining, or thofe which, declining from thofe 
four Cardinal Points, do behold fomc intermedi- 
ate Point between them. 
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Of Ereft Direa Planes there are thefc fubdivi- 
fions. , , 

1. Eaft Erca Direft \ [ Eaft. 

2. Weft Ereft Direft ' Planes dire^ly 1 Weft. 

3. North Eredl Pired: f beholding the ( NortH: 
4^ South Ereft Diredl J \ South. 

Of pecliping Planes there are the following Sorts j 

1 . South Declinisg Eaft, \ p, , . [ S and K 

2. South Declining Weft [o , V k j ^ and /K 

3. North Declining Eaft r'''^^'\r I "^ ^-^ ^ 
i North DeclininiWeftJ^^^^" ^^^ [ 
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3. Of Reclining Planes,, or thofe yrhiqh are pofited 
oblique to the Horizon, like the Roofs of Houfes, 
(^c. there are thefe Kinds. 

1. Eaft Direft Reclining 1 rn , . , f Eaft. 

2. y^cSt Direa Reclin. ^ [ ^1^^""^? J Weft. 

3. NorthDiKdV-RecJin. f ul(,7;r° T North. 

4. South Direa Reclin. j ^ehcdd the [^^^y 

If th^ Planes behojd none of thefe Points , dire£|, 
i^ut fome other befween them, they are thus denomi- 
nated. . 

.' . ' 

1. South* Rech Depl. Eaft^l p, ' u r {S znAE. 

2. South Reel. Decl. Wefti J^^^.?"^^^^^ andTF. 

3. North Rech'DecL- Eaft f;^*^^ ^^^^^'5^and•£. 

4. North Reel Decl: WeftJ ^^^^^ (iV and m 

4. Of Inclining Planes there are the lame*Piv}Gons 
and Denominations as are juft enumerated of Recli- 
ners ; for ah Inclining and Reclining Plane are the 
fame, only the Reclining beholds the Zenith, the Xn- 
cliaing the Horizon of the Place •, and one Dial ferves 
ifor both. •' ' ' " 

Thefe 
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THcfe are all the Varieties of Pknes 6n which DiaU 
jTiay be deftrribfed, and it behoves every one who pre- 
tends to this Art to have a pcrfeft Notion thereof, 

I fliall now fhew the Geometrical Conftrudlion of 
Dials on all the foregoing Planes, fix)m the Principles 
.of Spherical Trigonometry, m the cnfuing Problems. 

Problem I. 

To find the Sun's Altitude by a Quadrant 

PraSIice. 

When you are to make a Dial, you tnuft Brft find 
the Sun's Altitude by a Quadrant, thus; hold your 
.Quadrant againft the Sun in fuch manner as that the 
Ray of the Sun Beams which pafftth through the 
Hole of the upper Light may fell precifely on the 
Hole of the lower Light ; then will the Thread cut 
the Limb of 'the Quadrant in flie Degree and Minute 
of" the Slinks Altitude. 

Probxem IL 

To find the Iforizontal Diftance of the Sun from 
jhe t^ole of the' Plane. 

FraSlice. 

'Draw an Horizontal Line on the Plane or ^all, 
and apply the Edge of the Quadrant thereto at- Right 
Angles, taking Care that theLimb of the Quadrant, 
be towards the Siin. Having thus applied the Qua- 
drant, and in a Pofition as level as poflible, holdup 
a Thread and Pliiitimet againft the Limb of the Qua- 
drant, at full liberty,' moving this way and that *till the 
Sha^ow'of the Thread falls juft on the Onter of the 
^adfant -, and then obfdrve what Number of De- 
grees 
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grees are contained between the Shadow of the Thread 
ftnd that Side of the Quadrant fianding perpendicular 
to the Plane, for they are the Horizontal Diftance re- 
quired. 

Problem III. 

To find the Plane's Declination. 

TraSlice. 

The Declination of the Plane is the Diftance or 
Quantity of the Arch of the Horizon contained be- 
tween the Pole of the Plane, or a Line drawn per- 
ipendicular thereto, and the true Point of North and 
South. 

Having found the Altitude of the Sun, and Hori- 
zontal Diftance of the Plane, proceed for the Declina- 
tion by thefe Rules. 

1. Firft, find the Sun's Azimuth by Vrob. 17 Of 
Agronomy. Or if it be Collin*^^ or SuUon*s Quadrant^ 
you may find the Azimuth near enough the truth 
by it. 

2. When you make your Obfervation of the Hori- 
zontal Diftance, mind whether the Thread's Shadow 
doth fall between the South and that Side of the Qua- 
drant which was perpendicular to the Plane. 

3. If the Shadow fell between them, then the Sun*s 
Azimuth from the South, and the Horizontal Diftance 
added together do give the Declination of the Plane. 
And in this Cafe the Declination is towards the fame 
Coaft on which the Sun's Azimuth is. 

4. If the Shadow fall not between them, then the 
Difference of the Surfs Azimuth and Horizontal Dif. 
tance, is the Declination of the Plane ; and in this Cale, 
if the Azimuth be the greater of the two, the Plane 
declines towards the Coaft on which the Sun is ; but if 

the 



1 
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the Horizontal Diftance be the greater, then the Plane 
declines towards the contrary Coaft. 

Note^ All Declination is from North or South to- 
wards Eaft or Weft, and muft never exceed 90 De- 
grees, 

Problem IV. 




To find the Plane's Reclination from the Zenith. 

Pra5lice. 

The Reclination of a Plane is the Quantity of the 
Arch of that Vertical or Azimuth Circle ( which is 
perpendicular to the Plane, 
and ) contained between the 
Zenith and the Plane. 

Sugpofe V ACBD be a 
Reclining Plane, the Quantity 
of its Reclination will be the 
Angle Z V Ay to find which 
do thus 5 on the Plane draw 
the Horizontal Line 4 5, 
which crofs at Right Angles 

with the Line C D ; to this Line C D apply a fquare 
Staff or Ruler C F ; and to that Part of it which 
hangs off the Plane, ias at F, apply a Quadrant as 
PER, then the Thread and Plummet E P will form 
an Angle P EF:=: AVZ \ ccMifequently the Degrees 
on the Limb of the Quadrant between F and P are the 
Degrees of the Plane's Reclination, which was fought. 

Problem V. 

To find the Latitudes, in which a South' Diredt 
Reclining Plane ihall become an Ered or Horizonul 
one. . - A 

fraSlice. 
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hi :iihis :Problefn there be three Variet;ies; ,For the 
Redination may be either i. Lefs, 2. Eqit^I to, 3. 
Greater than the Pole. I (hall illuftrate each with 
a proper Scheme. 

Variety i. Admit in 
the Latitude of London 
a .Plane declines from 
the Zenith 30® 00' 'tis 
required to find the La- 

-titade in vhich it will be 

. an Ereft, . and an Hori- 

-ZontaLone? 

In the Scheme let Zjr 
be riicZtnithKof J!!L(?»^», 
Lat. 51^ 32' -,. P the 
North, and 5~the South 
Pole, -^ ^the Equator, 
and HO the. Horizon. , ^'^-^ 

And let AB bo the PMne, giyeo recljningr^om the 
Zenith go^ 00'. Then parallel to thej^j^ne ^A B 
draw a Tangent to the Meridian, as CD ;, perpendi- 
cular to which draw the Piametei: E F, ^nd crpis,,this 
a^ Right Angles with rthe Diamqter I G ; to the. Point 
G draw the T.augentv A^ L •, then ^fliaH the ^Jfajt^ents 
C Dj and KL bcj t;h^ Horizontal, and ereq South 
Plane, required .in, the Lafi^ude E ^^nd G. . But,' be- 
cauie NTG=z VAB.^ Plane> Rcdination = 30^, 
Chd-rfbre. <^G,=; 81^ 32' is the Latitudt in which 
it will be an creft Plane, and is always (in this Cafe) 
equal to the Sum of- the gi.Yep Latitude and Reclina- 
tion. The Complement of which G5=J?£=:8^ 
18' B the Liatltud^ inf w.hich it is anHorizont^l Plane, 

'as.iccpiired i.andi; in^chisjCafe^. is always^ equal to 
Di&rence of Co-Latitude and Reclination. 

Variety 
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Variety 2* If die Reclination of the Plane be equal 
to that of th€ jf^olc, viz. 38^ 28', then it is evident 
from the Scheme, that tte Point in the Equinoftial 
M^ is that on which fuch a Plane would be Horizon- 
tal. Bat that Point having ho Latitude, the Pole 
would have no Elevation above it -, and fo a Dial 
defcribed thereon, muft be in the Mariner of a dired 
Eaft or Weft Dial. 



Variety j. Suppofe 
the Plane AB recline 
from the Zenith 50° 
oq/, which is greater 
thap the Poles Recli- 
natiort. Then CD and 
L K will be the Hori- 
zontal and creft Plane$ 
in the Latitudes £ and 
G : But ^E ^ PI 
— 5o<^ 00'— 3?^ 28' 
= ii« 32^ = the; La- 
titude fti the Horizeri- 
tai Plane CD; Afldl 
its Complement 78® 28 
Plane LK i 2l% required. 




theer^ 



Problem VI. 



To firtd the -Lititudesf iil whiqh a t>ireft North Re- - 
cliningf Plane ^ ihall be anr Horizontal or ereft ]^lanc. 
Pra3iee. ^ 

Here are Wccwife three" Variodes,- for a Pline ma^ 
recline frorfi the Zortith Lefs, Eqw! to, of'Moi^than 
the 3pj^iw5aial. ^ • - : ' 

Vai^ety^i. Sup^fe atNZ>kfo« a^NbttH Planed recliiie^ 
from the Zfenilh 30^ 00^5 Quere:io'^i»lxac Latitudds-it^ 
will be an Horizontal 2[nd creft Plane ? 

yOh. 11. U u In 
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In this Cafe C D will be the Horizontal Plane in 
the Latitude E ; Now ^ £ = ^O + O £ = 38^ 
28' + 300 00' = 68^ 28/ the Latitude for the Hori- 
zontal Plane, which here is always equal to the Sum of 
the Co-Latitude and Reclination, the Coniplement of 
which ^G= 2i» 32^ 
= ^ /, is the Latitude 
in which it will be an 
creft Plane. 

Fariety 2. Admit the 
Reclination -of a -Plane 
be e(}ual to ^hat of the 
EquinoAial ; 'tis plain 
in this Cafe the Point P, 
that is, the Pole it felf, 
will be the Latitude in 
which fuch a Plane will 
be Horizontal, and the 
ereft Plane of Confe- 
quence can have no La- 
titude as being in the Equinoftial it felf. 

FarieSy 3. Suppofe a North Plane recline 70^ 00', 
Querc in what Latitudes it will be Horizontal and 
Erca? 

Here ^£= JE Z 
j^ ZH—Zl^ 51^ 
32' + 900 — 70® 00' 
ss 710 32' the Lati- 
tude for the Horizontal 
Plane ; which is alway 
( in this Cafe ) equal to 
the Latitude and Co^Re- 
clination. Alio its Conv 
plement£P= 18^28' 
= ^G is the Latitude 
of the Erc£t Plane, as 
required. 

^ Pro- 
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Problem VIL 

To find the Latitude in which a South Reclining 
Plane Declining Eaft, fhall be an Ereft Plane ; and 
alfo what Declination it (hall there have. 

PraBice. 

Suppofe a Plane in the Latitude of London 51® 32', 
decline from the South Eaft ward 35® 00', and recline 



In what Latitude fhall it be 
and what Declination Ihall 



from the Zenith 18® 30^5 
an upright or ereft Plane 
it thera have ? 

In the Scheme ad- 
joined, ktSfFNE 
reprefent the Hori^ 
zon ; yf B the Inter- 
feftion of the Plane 
therewith ; C D the 
Meridian, or Vertical 
Line of the Plane ; 
S N the Meridian of 
the Place -, PTE the 
prime Vertical of 
Eaft and Weft ; 
-^ HB the Reclining 
Plane ; P the Pole ; 
^P £ the Hour Circle of Si>t ; ^ the Pole of the 
Reclined Plane ; and A^B 2i Circle of Declination 
pafling through the. fame ; and W JE E the Eqai- 
noftial. 

The Scheme being thus prepared, we are firft to 
find M Oy oc the Arch of the Meridian contained be- 
tween the Equinoftial and the Reclining Plane, that 
being the Latitude fought. 
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Now M Z\% known ; therefore to find the other 
Part Z O, there is given in the Triangle O NB^ or 
rather in the fmallone Z H O^ the Side Z H = ji^ 
30' the Redination •, and the Angle at Z = 35^ co', 
the Declination ; Therefore to find Z of O /^, 
fay thus -, 

As Radius -— — 10.0000000 

To the Co. fine of DecUn. Z = 35? 00'. 9.9133645 
Sois Co-tang.of Reclin.HZ = 18^30' 10.4754801 

Tq the Co-tangent of OZ = 22*^ 13 « 10.3888446 
To which add — ^Z = 5i'' 32' 

The Sum is 
titude fought. 



— jEO ^ 730 45^ the new La- 



^0 find the New Declination F Q^ 

The Declinatioa is always an Arch of a Circle con- 
tained between the Meridian of the Place and Pole of 
the Reclining Plajie, and fijch is the Arch. F^; to 
find which in the Right-angled Triangle F ^Z there 
is given ^ Z =r 71^ 30' the CQ-Rcclination, and An- 
gle at Z = 35^ 00' ; Therefore fay. 



As Radius , ~. — 

To Sine of Z ^:= 7jf-^ 30^ — 

So is the Sine of Z = 35*^ 00' — ^ 

To the Sine of F^= 32^^ 57'. — 

which is. the new Declination required. 



I0XKX)000O 

9.9769566* 

975^ 59.^3 

973^5479 



Variety 
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Variety 2. Sup- 
pofe the foregoing 
Plane recline juft fo 
far as to pafs thro* 
the Pole; then will 
the Hour-Lines be 
all Parallel to one 
another as on a di- 
rca Eaft or Weft 
Dial. And the 
Anlogie§ for find- 
ing the Reclination 
Z //, and Declina- 



tion jS ^ are a$ follows. 




For the RecHnation Z H. 

Q r 
^ Z ^ 35 00 



As Co-fine of • 
Is ta Radius 
So is Co-tangent of Z P = 38 a8 

TotheCo-tangcntofZHss 33 04 



9-1133645 
10.0000000 

10.099913$ 



— 10.1865490 



2. For the new Declination M Q:^ 

As Radius — *— 10.0000000 

To the Sine of Z ^ = 560 56^ ~ 9 -9^31^^^ 
So is the Sine of Z = 35^ 00^ — 9'75^^59^i 

To the Sine of ^ ^= iS^ 43' — 9.68 1854^ 

Farieiy 3. Suppofe the fanie Plane recline from, the 
Zenith .53^ 30' 5 Qijere the new Latitude a»d DccU-r 
nation ? 
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In this Cafe we 
fiTiift find P O, 
the Complement 
of the new Lati- 
tude ; for which 
Plrpofe we muft 
find either O N 
by the Triangle 
O NB\ or OZ 
by the Triangle 
OHZ. Now this 
latter (by the A- 
nalogy in Var. i.) 
will be found 58^ 47', from which take Z P'=z ^^^ 
28 V there will remain 20** 19' = PO^ whofe Com- 
plement is 69® 41', the Diftance of O from the Nor- 
thern Interfeftion of the Equinoftial with the Meri- 
dian f and is the new Latkude fought. 

Alfo the foregoing Analogy will find F^=r ig* 
57' the new Declination. 

Problem VIII. 

To find the new Latitude and Declination of North 
Declining Reclining Planes. 

PraSlice^ 

C 




Admit a North 
Plane declining to 
the Weft 35^ 00', 
recline from the Ze- 
nith i8» 30'; Que- 
rc the Latitude in 
which it will be an 
creft Plane, and its 
Declination as fuch? 
This being juft the 
reverie of the laft 
Fnoblem, requires 
no frefh Calcula- 




tion 
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tion ; the Triangles OHZ and ZF^, with the 
Parts known in each, being the fame, but only in a 
Pofirion reverfe to the former in the Schemes of die 
foregoing Problem ; thus O Z will be found here 22« 
I3^ then ^ Z — OZ = ^ O =3 29<> 19' the oew 
Latitude fought, by aProcels the Reverfe of the fo«> 
going. Alfo F^= 32^ 57' the new Declinatkm, 
the ikme as before in the South Declining Reclincr. 

Variety 2- Alfo here if the Plane recline fo as to 
pafs through /E^ it will then be an Equiflo6bial 
Plane ; and its Reclination, and new Declination 
are found as in the fecond Variety of the laft Pco- 
blem. 

Variety 3. If the fame Plane recline fo far as io 
lie between the Interfeftion of the Meridian and Equi* 
nodial yS, and the Horizon S, as the Plane AbB % 
then we muft find Z, by the Triangle Zh \ thea 
Z — /E Z = e? ^, the new Latitude ; and qf w41i • 
be the new Declination. 

Thus you may fee the fame Canons for Calculataom 
Und the new Latitude and Declination both for Nbrdi 
and South Declining Reclining Planes. 

Problem IX. 

To find the new Latitude and Declination of JXcusSt 
Eaft and Weft Reclining Planes. 

PraSlice. 

In either of thefe Kinds of Rccliners, the CompJe- 
ment of the given Latitude is the new Latitude ■; and 
the Complement oS the Rjcclination as .the jiew JDecli- 
aiation/ 

Far 
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For kt JVT ^ be 
adireft Eaft Plane 
rscfiniiig from the 
Zenith 40® ©o' ; 
draw »^jEE for 
the Equinoctial ; 
tbm becaufe the 
Arch of the Meri- 
dian comprehended 
between the Eqiii- 
noftial and the 
Plane \% ^ S \ 
therefore that is the 
new Latitude, viz. 38^ 2 8^ the Complement of the 
pren Latitude M Z. Alfo the Diftance of the Pole 
of the Plane ^ from the Meridian is Z ^, that muft 
be the new Decimation, viz. 50^ 00', the Comple- 
ment of the Rtclination given. 




\ 



Problem X. 



or South Pole be 



To difcover whether the North 
elevated above any given Plane. 

Pra£lice. 

From the^ Scheme? of the foregoing Problem^ this is 
cafily known, as alfo from the foJlowing general Ruies 
arifing thence. 

1, All Horizontal Planes in North Latitude, have 
the North Pole elevated 5 but in^&uth Latitude; the 
So^th Pble. 

2. Upon all ereft* Planes whether Direct *cfr> Decli- 
ning, if it be a South Plane, the South Pole is eleva- 
ted •, but if it behold the North, the North Pole is 
elevated. 

3, Upont 
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3. Upon all direft Eaft and Weft I^lanes reclining 
( how far foever ) is /the North Pole elevated ; but on 
their oppofite Inclincrs, the South Pole; 

4. Over all North Reclining Plane^^^ whether Direft 
or Declining^ the North Pole is elevated ; and over 
their oppoute Incliners the South Pole. 

5. Laftly, Over all South Reclining, Direft or De- 
clining, if the Plane pafleth between the Zenith and 
the Pole, the South Pole is elevated ; as is the North 
Pole on their oppofite Incliners 1 but if the Plane pat 
feth between the Pole and the Horizon, the North 
Pole is elevated % but the South over their oppofite 
Incliners. 

t^RdBLEM XL 

T(5 defcribe Hour-Lines on an Equinoctial Plane \ 
or to make a Polar Dial. 

PraSice. 

As in all Dials the Style is parallel to the Axis of 
the Earth, and its Height above the Plane equal to the 
Pole*s Elevation above it 5 and as the Earth's Axis H 
perpendicular to the Equinoctial Plane, fo a Pin ot 
Wire let perpendicular in ^he Center Qf a Circle divi* 
ded into twenty-four equal Parts, will conftiaite a P<k 
lar Dial, as requirtd^ The Foundaqpn, and alio ^ 
Figure thereof, you have in the Stereo^rofphic Pme£liQfi 
of tbi Sphere on the Plane of the I^inoffial^ m tht 
fornner Part of this Book» 

Prqblem Xlt \ 

To draw Hour-Lines on a Plane, paflang throctgli 
the Pol s direaiy beholding the South y or 10 fHalte 
an EquinoSial Dial* 

VOU n. X a Praak0s 
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Pra^Iice. 

'Tis evident, that as thofe Planes which pafs 
through the Poles can have no Elevation of the Pole 
above them, io neither for that Reafon can they have 
any Center ; and therefore all the Hour-Lines drawn 
on them will be parallel to each other. ' 

To make this Dial then, proceed thus ; 



, : 5,-;:,... 
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•'^ %^^KtEF(iII thegiven Plane ; thin at a 
'"tortvehient,t>2bftCe above it, drtw the parallel Line 
^A 5 ; ftndoh (he PbintX? as a Center defcrib^ the Se- 
micircle AH S, one Qs^drantof which D fi divide 
into fix equal Paijs in the Points tf, >, Cj d, e \ thro* 
each of thofe Divifions^ afiW^Lties from the Center 
to the Side of the Plane, and they will give the Points 
thertin throu^ which the parallel Hour-Lines of XII, 
% H,^tfr: on the one Side* ^nd thofe of XI, X, IX, 
(^c. on the other Side are to be dt^ym i and thus will 
.V. . s :. . • {he 
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the Dial be compleated as you fee it in the Figure* 
Here the Reader muft obfcrve the following Things. 

1. That the Foot of the Stile muft always be placed 
in the Hour-Line' of Xih — 

2. That the Height of fhe Stile njuft alw^^ys be 
equal \o the Diftance between the Hourr Lines gf XII 
and IH,- or XII and IX ; which is equal ^Ifo to D L 
the Tangent of the Arch D C^ of 45 Degrees, and 
therefore equal to the Radius CD. 

3. jience if you firft chufe the Hejg^t of your Stile, 
fuppofp 9 Inches, yot^ may determine tl\e piftapce of 
any Hour-Line thus ; As Radius : Smile's Height 9^ 
Inches : : Tangent of I) b =: 60^ : i5t4 Inches, the 
Diftance of t>e Hour-Line ot IV, : : Tangtnt of 
D a = 75« : 334. Inches, tlje Diftance of ttie:Hour- 
Line qf V. And thus you may determine the Length 
of yoijr Plane with eafe. : 

4. !jn ng^aking this Dial, you have made one^ for its 
oppofiipe Plane direftly beholding the North ; qnly the 
Hour-Lines there ftand in a reverfe Order to thefe. 



Probleivi XIIL -% 

To draw the H[oyr-Lines on a Plane pafling tbr<f 
the Poles, and 4if0£fcly beholding the Eaft ^ or.tp 
make a direft paft Dia). 
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TraSlice. 




The Method of making this Dial 19 the fame with 
the foregoing, and the Dial it fclf is in fubftance the 
iame with that •, only as in that the Stile ftood on the 
ttour-Line of XII, here it muft ftand on ^t Hour. 
"Line of VI ; and as the Height of the Sale there was 
fqual the Diftance between the Hour Lines of XH 
^d III, or IX ; ib here it is equal to the Diftance 
between the Hour-Lines of VI and IX. 

Laftly, As there the Hour-Lines were ^11 parallel 
and determined by Tangent Lines, io they are in this ; 
and equal in their refpt6tive D^anoes, if the Hei^t 
of each Sole be the lanic 
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The Weft direft Dial is made in the fame manner 
^Ifo ; only here the Hours begin from I, and proceed 
to Vin ; where^ in the Eaft Dial they begin from 
IV, and end at XI. The Pofition is reverie to the 
other ; but both have the Elevation of the Equi- 
np(^ial FEG. 



Problem XIV. 

To make an Horizontal Dial for any Latitude, 
( fuppofe that of Loniony 51^ ^2^, ) by Rtgedion. 



PraSliee. 
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in 



Pra5lice. 




On the Center Z, with any Radius defcribe the 
Cjrcle E NW S for the Horizon of London -, on this 
Circle projeft the Sphere as has been taught in the Ste- 
reographic Proje5lion \ then from Z lay a Ruler to the 
Points 4, 5, 6, 7, 8, £5?^. ( where the Hour-CircJes 
cut the Plane of the Horizon ) and draw ftraight 
Lines to the Border of the Dial, and they will be the 
true Hour-Lines required to be drawn. 

Then take 51^^ 32' ( the Latitude of the Place ) 
and fct from S to Jy and draw Z ^ for the Stile of 
the Dial ; the SMbftile ( or Line on which the Stile 
ftandeth) is the Meridian, or Hour-Line of XII; 
and thus your Dial is finifhed as in the Figure. 

Problem XV. 

To make the foregoing Horizontal Dial by Trigo- 
nometrical Calculation only, 

PraSlice. 
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PraSice. 

To do this, is only to find the Diftance of the 
Points a^ b^ r, 4, 5, from N the Meridian in the 
Projefirion above. For which Purpofe, in the fcveral 
Right-angled Triangles NPa, 1^ P b, NPc, NP^^ 
N P 5, there is given the Side NP =s 51^ 32^ tbe 
Pole's Elevation equal to the Latitude ; and the An- 
gle at P = 15^, 30^, 45^, ^c. to find the Arches 
N a^ Nby Ncj 6cc. thus j 

As Radius — 

To tHe'Tangent oTTNT? a = 
SoistheBineof i\rP= 51^ 

To the. tangtot of iNT^ '= 



-7 10.0000000 
1.5^ 00' 9.4280525 
32^' — ^ 9»8937452 

11^ 51' 



9-3217977 



^febrj frim 
\NpoH .. 

— A— ^.-.^ ^ 

ri: I 
roi 2 

.9 3i 
81 4 


Angles at 
ihe Pole P 

15 00 
30 00 

45 : 00 
66 00 

75 0^ 
9^0 00 


Tfrchei frjobi ihe 
Mmdian 


1 

N'a = II 51 
A^J =i 24 19 
i^r = 38 03 

iN^4 = 53 36 
iV5 = 71 06 

N6 = 90 00 



AHd titts, %y this Analogy, all the other Arches of 
Diftayice fitffn tHe^ftleridian, for every Hour from 
Noon are found as in the Table annexed -, and after 
the lame Manner you calculate the Arch of Diftance 
for every Half and Quarter of an Hour y. thus thofe 
Numtcrs in the third Column being let front a $cale 
bf Chords on any Circle, will give the Points, through 

which 
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which fitaighc Lines being drawn fix)m the Center 
will be the Hour-Lines, as before. 

Problem XVL 

To defcribe Hour-Lines upon an ercflk direft Soudi 
or North Plane^ 

Pra£tice. 

This Dial may be made two different Ways by 
Projeftion ; For 




I. A^rojeftion of the Sphefeon the Horizon of L^- 
titude 38^ 28', (as being the Complement of the La- 
titude of London ) will produce art Horizontal Dial 
in the fame manner as in the laft Problem ; which 

Horizon* 
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Horizontal Dial in that Latitude y^\ fe^ a Soyth cre^ 
dlreft Dial here in London. Only theStiler in this 
€re<a South Dial points to the South f^ole ; ahd its 
Height above the Plane is 5 -^ =?: 38^ 28.^ t;h€ Lati- 
tude or Elevation 6t the Soudi Pole tter^on* And 
the Dial made thus you harve before, 

2. This Dial following is atUb made by a Pt;oje£ti(;Aji 
icX the Sphere on the Horizon of Jjinian^ ^\j^ 5 \pt 
Nff^S £ be the Plane of the Horizon .on wfeiqh th^ 
SjAere isprcyefiled ; lot fF'E be the Ints^rfcftipnpf the 
Plane of the Dial dicrewith ; then will the Hour-Lin^ 
}ntcrfe6l it m the Points a^ b^ r,.^, >; gnd lo za^ 
zb, zf , &c. in this Projeftion will be ^q^al to thp 
Arches Na, M, Nc, &c in die laft Pjojc<9;iori aboye. 
Now take a Ruler and Jay from N to the Points a^ 
K c^ dy ey and it will cut the Pl^e of th^ Honzg^ 
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in the Points X, X, X, X, ^c then lay the Ruler on 
z the Center, and each of thofe Points x, x, x, x, 
&?f. and draw ftraight Lines to the Border of the 
Dial, and they (hall be the true Hour-Lines required. 
3. This Dial is alfo to be made by Calculation, 
thus ; In thefirft Projeftion for Latitude 38^ 28' you 
have, in the Right-angled Triangle NP a^ given the 
Side J\rP=:38^ 28' the Latitude ; and Angle 
JVP tf == 15* 00' ; to find Na^ the Diftance of 
the firft Hour from the Meridian. And in the fe- 
cond Projeftion on the Horizon of London j you have 
the fmall Right-angled Triangles Z P a, Z P h &c. 
in which is given the Side Z P == 38^ 28' the Co- 
Latitude ; and the Angle at the Pole z P ^ ss i^^ 
00^', to find t4ie Arches Z ^, Z ^, Z r , &c. So that 
in either Projeftion you find thofe Arches by the fame 
Analogy as before, thus ; 

As Radius — — - 10.0000000 

Is to the Sine of P iV, or Z P, = ^i^ 28' 9.79383 17 
So the Tang,of iVP/j, or ZPa^ = 15° 00' 9.4280525 

To the Tangent of iVtf, or Z^, =s 9^ 27' 9.2218842 

And thus are all the other Arches of Diftance from 
the Meridian found as in the Table following. Now 
by any Radius defcribc a Circle ; aod from a Scale of 
Chords belonging thereto lay off the Degrees of the 
feveral Arches za^ zft, &c. ( as in the Table ) on the 
faid Circle each way from the Meridian S N, and 
they will give the Points X, X, X, X, X, 6?^:. through 
which ftraight Lines drawn from the CJenter Z will be 
the Hour-Lines, as before by Prcgeftion^ 
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Hours from 
Noon 


-4fj(f/^j at 
the Pole 


yircbes of Dif 
tance. 


12 


00 00 


i 


n I 
10 2 


15 00 
30 00 


Z a = 9 27 
Z * = 19 45 


9 3 
8 4 


45 00 

60 CO 


5^=31 53 
Z d = 47 08 


7 5 75 00 
6 90 00 


Z e z= 66 42 
Z £ = 90 00 



Of thefe dired South and North ereft Dials it mull 
be obferved, that the Sun never (hineth on the South 
Dial before fij^ in the Morning, nor after fix at Night ; 
therefore Hour- Lines on it are to be drawn only from 
XII to VI, each way. Alfo, that on a direft North 
Dial, the Sun never fhineth at all, the Winter half 
Year -, that the Sun never fliineth on it after 7 a-Clock 
20 Minutes, 48 Seconds in the Morning, and before 
4 Hours 39 Minutes 12 Seconds in the Afternoon, 
( in the Latitude of London ) on the longeft Day ; and 
therefore Hour-Lines of VIII in the Morning, and 
IV in the Afternoon, are ufelefe on this Dial, though 
always drawn by the Dialift. 

Note^ The Hours belonging to the North Dial, in 
the two laft Schemes, are marked with Figures, as 
8, 7, 6, 5, 4 i and 4, 5, 6, 7, 8 ; and thofe of 
the South Dial, with Numerical Letters ; as VI, 
VII, (^c. 

Problem XVIL 

To defcribe Hour-Lines upon an Eredl South, or 
North Plane declining Eaft or Wefl. 

VOL. II. Y y 2 Pra3ice. 
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PraSlice. 

As tU Reafon ov Theory of this fort of Dials is 
not altogether fo obvious as of the foregoing, and the 
Praftice of making them feme what different and more 
difficult ; I have ( the better to illuftrate the Reafon, 
and facilitate the Praaice ) fubjoined the following 
Scheme; 

In it I have made a Dial-PIand ADCL decline 



I = 



from the South S towards the Weft /ST, 30^ 00 
S D, in the Latioide of London 51^ ^2^ ~ j^ Z or 
P N. Now in order to defcribe riour-Lines on this 
Plane, yoi; 
muft oh" 
ierve thcfe 
]?arricutars. 
That NS 
ii the Meri- 
dian of I^)^- 
dpn.] A C 
the Interfec- 
tjbn of the 
Plane with 
the Hori- 
?!on. D L 
the perpen- 
dicular Line 
f^f the Plane. 
D the Pole 

6f the Plane. P the iPble of tltc World. L P D the 
Meridian of the Plane. TV AS E the Equiiloftial. 
Therefc^e P H is the Height or Elevation of the Pole 
above the Plane, and fo the Stile's Height. Z H the 
pittance of the Subftile from the Meridian M yE = 
HP Z the Indinatioh of MeridTahs, or the Plane's 
jDifFerence of Longirudc iveftward, 

JJoW the three laft Particulars, viz. The Height of 
(heStilpHP, the biftance of the Subftile from the 

Meri- 
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Meridian Z ff, and the Plane's Difference of Longi- 
tude or Angle H P Z^ muft all be found before a 
Dial of this Sort can be made. 

Now all thcfe are to be calculated fix)m the little 
Triangle Z H P^ Right-angled at H ; for therein is 
given the Side Z P = 38^ 28^ the Co-Latitude ; and 
the Angle P Z H =3 60^ 00', the Co-Declination. 
Wherefore we fhall thus find 

I. The StiU's Height P H. 

As Radius — — 10.0000000 

Is to the Sine of ZP = 38^ 28' — 97938317 
So is the Sine of P ZH=z 60^ 00' — 9-93 75306 

ToSineoftheStile'sHeightHP=32« 36' 9.7313623 

II. He Difiance of the Suhjtile Z H, 

As Radius — — • laooooooo 

To the Co-finc of P Z // =? eo** 00' 9.6959700 
So is the Tangent of Z P a 38^ 28* 9.9000865 

To thp Tangent of Subftilc's 1 ^ » . . T 

DiftanceZH=: ^ | ^i^ 4o' == 9.5990565 

3. 'itbe Plane's Difference of Lon^tude Z P H. 

As Radius — — lo.ooooooo 

Is to Co. fine of P Z = 380 28' '— 9.8937452 
So is the TangiBHt of P Z i/ = 60® oo» 10.2385606 

Xo the Co-tangertt d tfie 7 
Plane's iDifHr. of Long. > 36' 24'= 10.1323058 
H?Z^otMM \ 



The 
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The next thing is to find the Diftance of the Hour- 
Lines on the Plane, trbm die Perpendicular Line of 
the Plane L Z), or Hour-Line of XII. And this may 
be done either by Projeftion or Calculation, as in the 
fermer Dials. 




Firft, Let the Circles ot the Sphere be projected as 
hath been taught, and you will find they will cut the 
Plane yfC in the Points 8, 9, 10, 11, 12, i, 2, 3, 
4» 5» 6, 7 -, then lay a Ruler on D to each of thofe 
Points,, and make Marks X X X X X X» £^^. in the up- 
per Semicircle of the Projeftion ChA^ where the Ruler 
interlcfts it. Laftly, By a Ruler laid on Z to each of 
thdfe Marks XXXX> ^^. you draw ftraight Lines from 
the lower Semicircle CD 4, to the Border of the Plane, 
and they (hall be the true Hour-Lines required. 

Secondly, 
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Secondly, This Matter may be attained by Trir 
gonometry, thus ; Let there be drawn the dotted 
Meridian of the Plane D HP L ; then we have be- 
fore found the Angle Z P H = ^6^ 24, and bceaufe 
the Hour-Lines include Angles at the Pole P of 15? 
each, therefore is the Angle //P i = 21^ 24' ; aod 
HPi ^ 6^ 24', and H P s = S"" 36', and HP ,4 
= 23^ 36', and fo for the reft; whence in thpfe 
Right-angled Triangles //Pi, HP 2, i^c. there i^ 
given the Perpendicular PH = 32^ 36' the Stile'? 
Height, and the Vertical Angles at the Pole P = 
21® 24', 6*^ 24^ (^c. as before ; to find the feveraj 
Safes// 2, //i, H^.H^, fc?r. which are the Difr 
tances of thofe Hour-Lines from the Subftile H, Nay 
they are found by this Analogy. . 



As Radius — 




•— • 




lo.opooopp 


To the Sine of P // = gz* 


:,6i 






9.7314040 


■So is the Tangent of H P 2 




6« 


24' 


9.04986(89 



To the Tangent of Hz == 3<> 28/ ~ 8.7812729 

•the Diftance of the Hour-Line of 2 from the Subfl^le^ 
and in like manner are all the other Diftances foijind 
as in the following Table. Wherein the firft Column 
.contains the Hours -, the fecond Column contains ithe 
Angles at the Pole ; and the third Column contains 
the feveral Diftances of the tJour-Lines from the Sybr 
ftile, on the Plane. 

Now in order to fix the Stile of the Dial in its due 
Place on the Plane, do thus ; take the Diftance ,gf 
the Subftile from the Meridian of the Plane, H Z = 
21*^ 40^ from the Chords, and fet from DtoT^ 
arid (jraw Z T for the Subftile ; then take the Height 
.of the Stile P // = 32^ 36', ai\d fet it from ST to /^ 
and draw Z / for the Stile. 
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The Numbers in 
the third Column of 
the Table being fet 
oiF from the Chords 
from yto the Right- 
hand will give the 
Points 3, 4, 5, 6, 
7 ; and on the Left- 
hand, the Points 2, 
i^ 12, n, lo, iSc. 
on the Circle, from 
which Ihe Hour- 
Lines are to be 
drawn ; and thus 
( the Stile being fix- 
ed ) the Dial is fi- 
nifhed. 



Hours 


y/«(f/« <J/ 


D?/i 


'ance 


E. W. 


the Pole 


from 


Subft. 


' 


1 





1 


4 8 


8.? 36 


78 


12 


5 7 


68 36 


53 


57 


6. 


53 36 


36 


og 


7 5 


38 36 


23 


16 


8 4 


23 36 


13 


14 


9 3 


8 36 


4 


36 






II «ii 


lO 2 


6 24 


3 


28 


11 I 


21 24 


II 


56 


12 


36 24 


21 


41 


I ri 


51 24 


34 


03 


2 lO 


66 24 


51 


00 


^ 9 


81 2^ 


74 


20 
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In making this one Dial, you have in efledt made 
four, viz. 

1. A Direct 5 Decijmng ^ 30° 00'. 

2. A Direft S Declining £ 30*^ 00'. 

3. A Dired iVPeclining E. 30^ oo^ 

4. ADlred iVDcclining/^30<>^ oo^ 

, The Diftarice of the Hour Lines being the fame 
in each; only in different I^ofitions, and differently fijgu- 
fed; the Hour Lines alio of the South being drawn 
through the Center do make thofe of the North Dials. 
All ^^hich is' plain and evident from the Schemes 
themfelves ; and may eafily be underflood by any one 
who knbweth any thing of this excellent Art, without 
any fardier Explanation. 

Problem XVIIL 

To dVaw Hour-iiinfes on any Direft South Reclining 
Planes. 

PraSlice. 

The beft Way to make Dials on* thofe Planes is 
by reducing them to the new Latitude, wherein they 
will become Horizontal Planes, as taught in Prob. 5, 
of this Chapter. ., • 

Example. Suppbfe in the Latitude 51® 32' a Plane 
reclines from the Zenith 20 Degrees; 

.then the Difference of the Co-Latitude 38^^ 28^, 
and the Reclination 20*^ 00^, viz. 18^ 28' is the new 
Latitude ; for which let an Horizontal Dial be made 
by Proh 14, and* this fhall be the Dial adapted to 
that Reclining Plane, as required. See the Figure 
thereof following. 

VOL. IK Z z Na^e, 
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Note^ The Stile of the t)ial inufl: point to the South 
Pole by Proh. lo, of this. 

A South Direft Plane Reclining equal to the Pole 
is an Equino&ial Dial ; the making of which is taught 
Proh. 12. 

Again, fuppofe a Plane recline from the Zenith 
70^ 00^ in the Latitude 51^ 32^. 



This 
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This Dial may be made as the laft preceeding, by 
reducing it to its new Latitude 31** 32' ; but for the 
fake of Variety for the young learner, I have ftiewn 
how it is made by a Projeftion on the Horizon of 

IjpTidon. 




For let the Reclination be fet from Z to //, then 
JVHEis the reclined Plane, which the Hour-Lines 
interfcft in the Points 5, 4, 3, 2, i, //, 11, 10, 9, 8, 
7 ; the Point ^ is the Pole of this Plane, from which 
if a Ruler be laid to the aforefaid Points of Interfeftion, 
it will cut the Horizon in the Points X X X X X X> £^^. 
from which, by a Ruler laid on the Center Z, the 
Hour-Lines are all to be drawn as in the Figure. 

VOL. II. Zz 2 From 
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From this Projedion fds evident alfo how this Dial 
may be made by Calculation only, that is, by finding 
the Quantity of the feveral Arches of the Planes Hi, 
H 2, Zf 3, 6?^. For in the Spherical Xnangjje 1 1 //P, 
kight-angled at Hy there's given Pjy= 31^ 32', 
and the Angle HP 11 = 150 00' ; to find H ii^ 
by the fame AnaJogy as in Prob. 16, 17. Thefe 
Arches thus found being taken from the Chords arid 
fet each way from the North Point of the Meridian 
Nj give the Marks X )!C >^ X X» ^c. as before. 

Problem XIX. 

To defcribe Hour-Lines on Dired North Recli- 
ning Planes. ' . 
Pra£lice. 

I. Suppofe a North Plane in the Latitude 51^ 32? 
recline from the Zenith 30*^ 00'. 

The new Latitude found for this Plane is 689 28f 
( by Prob. 6, ) therefore an Horizontal Dial in that 
Latitude fhall be proper jto this Plane, and fuch is that 
following. 




2. If 
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2. If a Diredt North Plane recline to the Equator, 
the Dial ^ill be a Polar one. See Prob. 11, 

3. Admit a Direft North Plane recline more than 
jthe Equinoftial, fuppofe 70^ 00', in Latitude 5i<> 32^; 




This Dial njijght JDe mad^ as the laft ; but for Vari- 
(ety's fake, Ihave chpfe tq ufe two Methods ; and 
therefore the t)ial here above is ipade by a Pro- 
jeftion of the Sphere aod Plane together on the given 
Latitude. Whence alfo the Reafon of ^he Trigonp- 
metrical Calculation doth appear. \ 

Problem XX. 

To defcribe Hour-Lines on a Direfl: Eaft or Weft 
Reclining Plane. 

Pra^ice, 

I. Suppofe in Latitude 51^ 32' a Dired Eaft Plane; 
recline 40^ 00'. Then by Proh 9, you redqce it to 

''•.'■• .^ ' ■ " the 
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the new Latitude 38® 28^ and new Declination 50^ 
ocf \ and accordingly you make a Dial proper thereto 




by Prob. 17. The Dial io made will alio fit this Eaft 
reclining Pkne, and is fuch an one as you fee above. 

2. Suppofe m the fame Latitude a Dircd Weft 
Dial recline as much ; then is fuch a Dial made alfo 
by Projeftion of the Sphere and Plane on the given 
Ladtude, as has been before taught, and is evident in 
the Scheme following ; and the Method by Calcula- 
tion is evident alfo in each of thofe Projeftions, 



NoUy 
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Note^ in either Dial if the Hour-Lines are drawit 
through the Center, you conftitute an Eaft and Weft 
incliner, defigned here by the dotted Lines. 

You muft alfo obferve in fixing thefe fort of Dials, 
to place the Hour-Line of XII precifely parallel to 
the Horizon, as in all Ereft South or North Planes, ic 
is perpendicular thereto, 

^ Problem XXI. 

/ 

To defcribe Hour-Lines on South Reclining Planes,, 
declining Eaft or Weft. 

Prailice. 

I. Admit there is a South Plane declines to the Eaft 
35^ go', and reclines from the Zenith of London 



l8« 30'- 



By 
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By Prob. 7, 'twas (hewn that in Latitude 73 • 45 1 
this would be an ereft South Plane declining Eaftward 
32^ 57' ; therefore a EHal made for this new Latitude 



^ 







\Brivxxrxiir 



and Declination V ( by Prob. 17, ) will be a Dial fitting 
this reclining Plane. But the new Latitude being fa 
great, *tis eafier to make this Dial by Projeftlon of 
the Sphere on the Horizon of the given Latitude, as 
taught in Prob. 18, Cafe 3* By drawing the reclined 
Plane AHCy and referring the various Interfedbions* 
of the Hour-Circles therewith to the Primitive^ by a- 

Ruler 
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Ruler laid from the Pole ^ to each of them ; then 
by a Ruler laid on the Center Z to the Marks 
XXX X, £5?^. draw the Hour- Lines required. See 
the Figure.' 

2. Suppofe the foregping Plane recline equal to the 
Pole; then ( by Prob. 7 ) the Reclination Z His 35^ 
04', and the hew Declination ^ ^is 28° 4-^', which 
(in this Cafe ) is alfo equal to the Plane's Difference 
of Longitude. Alfo in the Triangle Z HP Right- 
angled at H, there is given Z P = 38^ 28', and the 
Angle at = 35<^ 00'; whence we fhall find the Dif- 
tance of the Subilile from the Meridiin H P = La 
= 200 54'. 
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Now fet the Diftance of the Subftile from D to 2", 
and draw the dotted Line Z M for the Subftile, and fee 
the Plane's Difference of Longitude from T to By for 
the Point of the Hour-Line oF XII ; then itt off 1 5*^ 
of Chords each way from B in the Iowa Semicircle 
C yf, which will give the Points X X X X X» ^c. 
draw the Border of the Dial IK perpendicular to the 
Subftile Z T ; Laftly, by a Ruler laid from Z to the 
Markes X X X X? ^^. you will have the Points VI> 
VII, VIII, (^c. in die Side of the Dial IK, through, 
which Lines, drawn parallel to the Sufeflile, fhall. be 
the Hour-Lines required ; and thus is the Dial finifhed 
as in the Figure. 

3. Admit the fame Plane recline from the Zenith 
60** 00', which is more than the Pole ; theni though 
this Dial may be referred to a, new Latitude and De- 
clination, and fo be made on aq upright Plane •, yet 
I prefer the Methods by Projeftion of the Sphere and 
reclined Phne on the Horizon of the given Latitudq ; 
and fo by referring the Interfei9:iQn of the Hour- 
Circles and the Pkne to the prmritiire Circle, tbe 
Hour-Lines may be drawn avhath fceen often taii^t 
in the Problems foregping. A Fi^e of thir 5^1 
you have in the following. Pisige. - '' 



Pro- 
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Problem XXIL 



*rodraw HoBr-Lines on -a- North reclining Rme 
(declining Eaft or Weft. ° 

Pra5Iice. 

I. Admit a North Plane decline to. the Weft 05 
•coV'and recline from the Zenith of London 180 30^ 
/.This Dial may be made either by Projedion of th- 
SpB'ere and reclining Plane on tlie Horizon q\ London ; 
PJ^ ^y Calculation v or iaftly, by finding the new La- 
titude and Declination, as hath been tauo-ht. ' 



'jVOL, 11. 
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I hare g'vc- a Sp-cimen of this Dial made by the 
lif: M::'--i, liz. By making an opr^ht Dial for La. 
t-:^.- zz' ic\ n-l DeclinaLon 32*^ 57' being the 
re-r Li-::'e end Dec.inadon ( as/irr Pn)*. 8, ) pro- 



f JT to :r!^ reclining Pl^ns. 




y:ff^ The donred Lines make the inclining Dial 
of the iame Plane. 



2. If the fiTTiv'' North Plane decline as miKh to thp 
Fi/t, v;r. 7:^^ co', and r?ciine from the Zenith lb far 
.IS to raU t^ro' the Inr^rfjction of the EquinodHal with 
the Meridim at ^-E ; then will a pial made by Pro- 
irclion of the Srhere and Plane on the Horizon— of 
/^?:j>/7, be fiich as die following ; the Trath of which 
_ - . '. . ^ ..-. 'die 
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jthe young Student may prove by Calculation if he 
pleafes. 




g. In the laft Place, admit a North Plane decline 
.qig^ 00' Eaftward, and recKne from' the Zenith of 
Ij)ndon 6p,^ 00', fo as to pafs between the. Inccrfej^ion 
jE and the South Point of the Horizon S. 

Then by Projeftioii of the Sphere and Plane on the 
Horizon of London, you have a Dial made as the 
toilowinfr. •'■•• •" ■■ • " • '•' 
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Problem XXIII. v 

To find what Hour-Lines are proper to any given 
.Plane ; .or no difcover at what time the Sun begins, 
: and ccafeth to (hine thereon. 

When a Perfon purpofeth to make a Dial, he muft 

firft determine what Hour-Lines will fall upon the 

given Plane, and what will not. For by drawing more 

•<3Dr lefs than are neceflary to the Plane, he will equally 

bewray his Ignorance and render himfelf ridiculous. 

There- 
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Therefore to difcover, and rightly underftand this 
Matter, the beft way will be to projed the Sphere onr 
the Horizon of the Place ; then to draw the Plane, 




whether Eredt or Reclining, Direfl: or Declining of 
any kind -, the Projeftion will Ihew what Hour-*Line& 
fall thereon and which do noL 

Thus let the Sphere be projedted on the Horizon of 
Ltmd&n^ Latitude 51® 32^ as in the Figure above ; 
and drav^ the Parallel of the loi^eft Day F &G^ and 
of the ihorteft Day C vs R^ 

t. Then 



3^8 Sph. Trigonom. applied to Dialling in 

1 . Then *tis evident by the Scheme, that alf the 
Hour-Lines from 4 in the Morning, *till 8 at Night 
interfea the Parallel of the longeft Day ; and there- 
fore muft all be drawn on an Horizontal Dial for the 
Latitude of London. 

2. The Ered Direft Plane WZ E, is interfered 
by all the Hour-Circles from fix to fix, and therefore 
on the South Face they mull all be drawn. Alfo 
becaufe the Parallel of the longeft Day interfcS: it be- 
tween' the Hour-Circles of feven and eight in the 
Morning, and four and five in the Afternoon ; whence 
dn the North Face of this Plane, the Hour-Lines 
to be drawn are four, five, fix, feveri, eight for the 
j^oming, and the fame for the Evening. 

Note^ The Hour 8 in the Morning, and 4 in' the Af- 
ternoon is inferted to make the Dial appear the niore 
full, and beautiful, though the Shadow never ap- 
proacheth them. 

3. Suppofe this Dired: South Plane recline 20^ oo' 
td^ the North, and become the Plane W AE \ then 'tis 
plain the Sun neither cometh on nor goeth off this 
Plane before or after the Hour of Six, and therefore 
only the Hours fi-om Six to Six muft be drawn. It 
appears alfo, that on its oppofxte inclined Face, the Sun 
Ihineth 'till about half an Hour after fix in the Morn- 
ing, and comes on again at the fame time belore fix 
in the Evening, on the longeft Day. 

4. If a Direft Sbuth Plane reclipe juft to the Pole 
as- W P Ey the Sun will then come on, and go off it 
at the Moment of fxx, on the longeft Day. 

5. Sup- 
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5. Suppofe h recline more than the Pole, viz. 80^ 
00', zsff^ TEy it appears that the Sun will be on 
and off the Plane at about htff an Hour after four in 
the Morning, and at about the fame time after feven 
at Night, on the longed Day. 

d. I f a Dired North Plane recline left than the 
Ecliptic ©, it cannot receive all the Hours ; thus the 
Plane fV B E reclining but 20*^ oo^ is dq^rjoejl by the 
Sun at a little after nine in the Morning, amd i«ceives its 
Beams again juft before three in the Afternoon, on the 
longed Day. 

7. If a Plane direfWy North recline more than 
the Ecliptic, it is evident that on the longed Day 
the Sun will fhine on it every Hour thereof. 

8. It is farther manifed, that if a North Plain de- 
cline lefs than the Tropic of Capricorn w, the Sun 
cannot be on it on the fhorted Day. 

9. If the faid Plane recline farther than the laid 
Tropic, as the Plane PT D E^ then on the (horteft 
Day the Sun will begin to Ihine on it at about three 
Quarters after Nine in the Morning, and ceafe to 
fhine on it at about a Quarter after Two in the 
Afternoon. 

10. If a South Plane decline to the Ead 350 00', 
a^ K Z L'9 then it appears the Sun will be on it 
jud after four in the Morning, and will leave it juft 
after four in the Afternoon. Wherefore the Hours 
from four to four may be drawn on the South Face ; 
and the Hours from four to eight will make the Dial 
on the North Face of this Plane. 

11. The fanpie Things are thus demondrated of all 
Reclinations of declining Planes, but this is left to 
the Reader's Exercife, having fpoken already lufHci- 
ently to thefe things. 

Thus I have given the young Student a concife, yet 

plain and natural^ Method of making Dials on aU 
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370 Sph. TrigOHom. applied to Oi ailing^ &c. 

Sorts of plain Superficies ; as to what concerns the 
Furniture and other Curiofities of this Art ( for which 
dicrc is feldom occaGon ) they are not to bs expcded 
in diis Epitome, but in larger Volumes. My De- 
i%n being principally to fhew, that this nK)ft curious 
Art is foimded entirely on the Doilrine of Spherical 
Srigonometryy and the Prcje^ion of the Sphere in Piano ; 
and which therefore ought 'to be learned by all, who 
arc exalted above the fordid Ambition of thofe, who 
ire fatisfiad if they can nuke a Dial by the Rules 
df Mechanicks only. 

F I N I S. 
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^tyAGE 4 Line 50 read all three Sides c<jual. ^ 17 /• 12 
J^ r. Suju of the Squares, p 21/ 10 far D C E r, DEC. 
f. z^ /. 17 for Rational r Rattomle. p, 72. /. 6 for Judicies r. 
Indices, p, 110 /. ult dele by. ^. Id /. 15 for Scnical r S:ni- 
cal. f* lit I 23 far Ripfon r. Raplifao. ^, 135 /. 6 and 9 r« 
Tbeoran XXXI. p.lOo waa's the Tide of Middle Latitude 
Sailing. ^.176 /. ii for Varanius r. Vareniu<5. p. 106 /. 1 for 
DiiiridLsr. Difirids.. /: 6 for Segacious r. Sagacious p. 209 L 
'21 for E F C r. F G E, and the Figure ihould not be inadow'd. 

L2I /.' I r, the Cones of the Earth's and Moon !s Shadow ara 
ii)«r Figures ncar-iy. /. 2, 9, and 4, fjr Bafes and Bale r. Se< 
midiametcr of die Bafes, Bafe, QFc. p . 141 / penult, r have a 
Motion, p, 26 2 / ^^ a nd -.54 .r. X^M-f •*> i^y ^ ^^7^ := 8 •>• 
*. 263 /. 3 r, y/ abTT^cd!} ^=' ^ A D = vTs. ^. *88 /. i:)t. for 
TlViangic r. Trian^ p 503 /, 8 dele wife apd. ^.311 dele the 
6 and 7 Lines, inftead whereof r. _ now fay. As $ c : 44 : : the 
Sine of Incidence (in Water) zs^ 45' ' ^^^ Sine oFRcfr^^'o.l 
(inGiafs) ti« 3o\ wherefore make DEC =a 21^ 30, ^c. 
TOL- II. 




Tcofaedron. p. 214. /• 23 for Ucrccx n Vertex. ^. rS6 7. 2 for 

comj^tiblc r. compatible^ *y. 3i{7 /. 14 for fuqpofe r. Ibppofc, * 
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THE Philofophical Grammar; being a View of . 
the Prefent State of experimental Phyfiology, or 
Natural Philofophy. In four Parts. Part I. Somato-* 
logy^ treateth of the univerdil Nature and Proper- 
ties of Matter or Subftance, and the Specifick QuaK- 
ties of natural Bodies. Part II. Cofinology^ exhibi- 
teth a general View of the Univerfe, and its great 
conftituent Parts; the Sun, Moon, Planers, .Comets, ^ 
fix'd Stars, i3c. Part III. Aerology^ comprifeth the » 
Philofophy of the Atmofphere, fhewing the wonderfjul 
. Nature and Properti-s of the Air, Wind, Meteor.^, an4 
.^ other Pharnomena therein. Part IV. G^c/c^jy, conrain- 
/^;^eth a Philofophical View of the terraqueous Globe, in all 
^^^its Parts and Produftjons ; as Minerals, Metals, Stones, 
^.-Gff. The Laws of. Fluids ; the Sea, its Tides, £s?r, ^ 
Of Rivers, Springs, &?r. Of Vegetation, and the 
Nature of Plaats, Trees, l^c. Of the Parts of Ani- 
mal Bodies ; and a Survey of the Nature of Beads, 
Birds, Fifties, Infefts, Reptiles, Shell- Aminab, &?f. -1 

The whole extraded from the Writings of tb!r gfeat- . j 

eft Naturalifts of the laft and prefent Age, tr<^ated in ^ 

the familiar Way of Dialogue, adapted purpofely to J 

the Capacities of the Youth of both Sexes ; and a* ^ ^ 

domed and illuftraced with variety of Copper- Plates, 
Maps, C5^r.. Several of which are intirely New, and 
all eafy to be underftood. By Benj, Martin. 
' II. A New Compleatand tJniverfal yyftem or Body 
of Decinial Arirhmetick : containing, I. The whole 
DoSirine q( Decimal Numbers^ not only the Plain ancl 
Terminate, but alfo fuch as Repeat or Circulate ad hm 
finitum ; and a Plain but Perfeft MdnageTnent of both, 
laid dov/n and explained in? all the Fundamental Ruler 
of Plain -Ariibmelicky and by Logarithms, . II. The 
Application and Ufe of Decimal Ariihmetick in all the 
Parts or Branches of Arithmetical Science ; viz. Ful-^ ' 
gar Arithtneticky . Vulgar . FrailionSy Duodecimal and Sexa^ 
ge/tmal Aritbmetick ; alio in. Algebra ami Logarithms^ 
In all which ixs-Excelleniy aM abfolute N^cejftty is fully 

evinced. 



